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FOREWORD 


The 3PAR system is developed and maintained by Engineering Information 
Systems, Inc^ (EISI) under NASA prime contracts NAS8-30S36 and NASl-13977 
through subcontract agreements LL90A1760K and LL90A1800K with Lockheed 
Missiles & Space Company, Sunnyvale, California. SPAR is funded jointly 
by the George C. Marshall Space Flight Center (ISFG) and the Langley 
Research Center (LaRC) of the National Aeronautics & Space Administration. 
The Contracting Officer's technical representatives are L. A. Kief ling, 
MSFCt and J. G. Robinson, LaRC. 

The purpose Of the SPAR reference manual is to define the functions and 
rules of operation of the system. This document is not intended to stand 
alone as an introductory guide for the hew user. It is expected that new 
users will either attend IntroduGtory courses or be assisted and advised 
by analysts who have substantial experience with SPAR. 

It is assumed that users are familiar with finite element theory and 
execution procedures (run set-up, control cards, etc.) for either Uhivac 
1100 or GDC 6000-series Gomputer systems. 
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^ Section 1 

INTRODDGfIGN 

SPAR is a system of computer programs used primarily to perform stress, 
buckling, and vibrational analyses of linear finite element systems . As illustrated on 
Fig. 1-1, individual processors within the SPAR system are able to comraunicate 
directly and automatically through a body Of information known as the data complex , 
which resides in temporary and/or permanently cataloged files. The data complex 
contains one or more direct access libraries , Mtdthin which may reside any number 
of data-sets produced by processors inthe SPAR system. Each data set has an identi- 
fying name . For example , a certain set of vibrational modes might be named 
VIBR MODE 40G 2. Through these names the SPAR processors are able to locate 
and access automatically all of the information needed to perform a particular hmction. 

This form of system structure — multiple independent processors communi- 
catlng via a common data base has many advantages. From the user point of view, 
the f ollGwing are among the principal advantages : 

• In teracti vejoperation . Effective interactive operation, via teletype mid /or 
graphics terminals , is made possible . Most large -=seale appllGationa in- 
volve both batch and interaGtive runs . 

• Data salvage . Ail imormation generated In a run may be retained in the 
data complex, thereby remaining available for use in future runs. This 
retention is accomplished automatically, without complicated restart 


1-1 


Arithmetic utility 
operations, e.g. , 


Assemble 


Generate/modify 
basic definition 



Compute stresses, 
internal loads 


Compute dynamio 
response 


Figure 1-1 Typical Functions of Separate Programs, Communicating Through 
the Bata Complex 



procedures , and without requiring the user to be concerned with the 
internal structure of the data complex. 


• Data sharing. Any number of users nmy obtain simultaneous access to 
the data complex, with file security {read/write authorization) provided 


by the cataloged file facilities of the host system . 


Other characteristics of SPAR Include the following: 

• Efficiency. Execution time, central memory storage, and secondary 
data storage requirements are minimized by (1) the use of sparse 
matrix solution techniques , and (2) other computational and data man- 
agement procedures developed to handle problems ranging in size from 
small one-shot studies to extensive analysis/design projects involving 
many millions of words of data. 

For most SPAR executions, 20,000^^ to 30,000^^ words of central 
memory are sufficient. On UNTVAC 1100 systems, for example, static 
displaeement solutions to 6,000 degree-of-freedom problems may be 
computed using a total central memory field length of about 25,000^^^ 
words (all instructions plus data) . During the course of a run , the 
central memory field length can be modified dynami Gaily, if necessary, 
to permit additional memory resources to be temporarily acquired for 
the duration of a specific computational activity . The efficient use of 
system resources has the following principal effects: 

(1) Heavy interactive usage is possible without serious detrimental 
effects on the host operating system • This makes available 
the full range of benefits of interactive operation (e.g. , major 


reductions in labor cost and calendar time » with improved 
quality of results). 


(2) Problems of very large size may be solved. One user has 
reported solving a 33 , 000 degree-^of-freedom problem on a 
UNlVAC-1108. The size capacity of the eigensolver used to 
compute buckling and vibrational modes is approximately 
the same as that of the static displacement analyzer, for a 
given amount of central memoty . Maximum degree-?of- 
freedom capacity on typical UNEVAC 1108/1110 systems is 
in excess of 50000, 


(3) Very low computer costs are achieved. The low cost of ex-;- 
ecuting the eigensolver makes it possible , in many 
large-scale applications, to use the same finite element 
model for both static and dynamic analysis , resulting in 
further savings in labor costs and calendar time . 


^ecution_control and data input. All input is free-field. The command- 
oriented executive control language allows the user to desi^ execution 
sequences optimally suited to the requirements of each individual application, 

Xltility operations. The following operations are typical of the many 
available through SPAH utility proGesSors: 

(1) Matrix operations throi^ a high-level symbolic language, 

e.g. , X - SUM'( 2.5 Y, 3.4 B), ZZ - PRODUGT( 3.4 P,Q), etc. 



( 2 ) CommuniGation, through ordinary files , with programs 
outside of the SPAR system . 

(3) Display of selective summaries of the names and character- 
istics (size, type, etc.) of data sets resident in the data 
complex. These are called TOC's (Tables of Contents). 

(4) Editing and display of information contained in the data 
complex . 

• Input data generatton, verification, and correction. Extensive facili- 
ties are provided for automated mesh generation, etc. , and for check- 
ing the validity of input data. Where errors are detected, they can be 
patched locally, without having to re*run unaffected portions of the 
analysis . 
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BASIC INFOBMATION 


On UNTVAC-1100 systems, SPAR consists of an array of separate absolute 
programs, usually resident in a readonly public cataloged file. On CDC systems, 
the entire system Is contained in a sin^e absolute program, configured to simtiiate 
UNIVAC operation; that is, CDC card input records appear as follows: 


Card Image Meaning 

@XQT PROGX Begin execution of program PROGX . 

data cards Input (usually optional) to PROGX. 

@XQT PROGB Begin execution of program PROGB. 

data cards Input to PROGB. 

• • 

• ■ 

• • 

♦ • 

@XQT EXIT Exit from SPAR (GDG only). 

7/8/9 


The following are typical execution sequences: 
Input Funotjon 


@XQT TAB 
data cards 

@XQT ELD 
data cards 


Create data sets containing tables of joint locations , 
section properties, material constants, etc. 

Define the basic mesh of finite elements . 


@XQT E 
@XQT EKS 


(aXQT TOPO 
@XQT K 


Form a complete detaile- finite element model 
(element geometry, intrinsic stiffness and stress 
niatrlces, etc.) of the structure. The resulting data 
sets are referred to collectively as the E^State . 

Analyze element intereonneetivity. 

Form system K. 



Input 

Function 

@XQT M 

Form system consistent M, if required. 

@XQT INV 

Factor system K (or other designated system 
matrix, e.g, , K + Kg or K - cM). 

For static 
analysis ; 


@XQT AUS 
data cards 

Define applied loading, temperatures, etc. 

@XQT SSOL 

Compute static displacement solutions. 

@XQT GSF 

Compute stresses and internal loads. 
« 

@XQT PSF 

Edit and display s^esses. 

For dynamic 
analysis: 


@XQT EIG 
control cards 

Compute vibrational modes . 

@XQT AUS 
data cards 

Define applied loading, etc. 

@XQT DR 

Compute dynamic response . 

For buckling 
analysis ; 


@XQT KG 

Form geometric stiffness matrix Kg, based 
on a designated internal load state . 

@XQT EIG 
control Gsmds 

Compute buckling modes. 


Detailed information concerning the funetions and rules of operation of indi’- 
vidual processors is provided in subsequent sectfons of this manual. 
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2.1 t£FB£tENCE FRAME TEHMINOLOGY 

The term frame k will be used to r^r to the global reference frame (k = 1) , 
£?r to any alternate reference frame (k = 2, 3, 4, — ) the analyst elects to define. 
Efrch joint In the structime has associated with it a unique joint reference frame . to 
joint diopIaGement and rotation components am relative ^ Individual joint 
reference frames may have any orientation designated by the analyst. Each element 
has an associated element reference frame . to which section properties and stress 


components are relative. 



2 . 2 THE DATA COMPLEX 

Hie data complex may consist of any number of files considered appropriate 
to a particular application . There are two kinds files » namely; 

• SFAR^format direct^access librarleS t resident on random- access 
devices (disk , drum) . Libraries are the media through which programs 
in the SPAR system are able to communicate. Users often elect to house 
the entire data complex in a single libre^y file. 

• SequentiaL files . resident on tape, drum, or disk. A large percentage 
of SPAR runs do not involve any sequential files. They are primarily 
used to store libraries on tape between runs. See Section 5.2, TVi^TE 
and TREAD commands . These files are also used to communicate with 
programs outside the SPAR system. See Section 5.2, XCOPY and XI.OAD. 

Files are known by SPi^ logical file nmnbez^: 1,2 26. These are 

not Fortran logieal unit numbers. The corresponding UN'tVAG file names are SPAR-A, 
SPAR-B, , , . , SPAR-Z. The correspondii^ GDG file names are SPARLA, SPARLB , 

. . . , SPARLZ . If a SPAR program must use a fUe Which does not already exist, it wiU 
generate internally the necessary requests to the host'^Hsperatlng system to assiga 
(l.e. , create) the file as a temporaiy file resident on random ^aeeess storage. The fol^ 
lowing examples Illustrate the correspondence between UNi^AG external file names, 
internal file nmnes , and SPAR logical file numbers. 
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• Example. A new stud^ is being initiated, and it is desired to retain 
library 1 as a cataloged file named QUAL'*‘NAM£. 

@ASG, UP QUAL*NAM£ . . F//POS/20 

@USE SPARTA. , QUAL*NAM£ . 

TAB (or any required program) 

• Example,. A library generated in preceding runs is resident in a cataloged 
file named GENGHlS^KAHN* To make the file known to SPAR programs 
as library 4, the following control cards would be used: 

@ASG* A GEHGfflS*KAHN. 

@USE SPAR-B.,GENGiaS^KAHN. 





SPAR logical files 1 through 20 are available for general use. Files 21 
through 26 are usually reserved for tempei^er'y internal use. On GDC systems, not more 
than 10 files may be accessed Goncurrently from within a single program. 

Individual data sets within a library are identified by four^word names. 

For each data set, there is an associated entry In a table of contents (TOC) which is 
automatically maintained within the library. Table 2.2«^1 is a printout of a table of 
contents , produced by means Of the TOC command. In the Data Complex Utility program 
(see Section 5, 2), TOC items are explained in Table 2. 2-2. 

In most cases , the program generating a data set will automatically assign the 
four^word name of the set. In certain instances, however, the user may assign part 




or ail of the name, hi such cases . the first two words should always be dtohanumerlc. 
and the last two should be integers. 

In referencing a data set, one Or more of the four words of the set name may 
be masked by replacing each word to be masked by the word, MASK. The primary uses 
of MASKing are (1) when less than four words of a data set name are sufficient to uniipely 
identify the set, or (2) when scanning TOC's in search of certain cat^ories of data sets. 


• Example. Ail of the following data sets correspond to VEBK MASK 2 
MASK: 


VEBR MODE 2 1 

VIBR EVAL 2 1 

VIBR MODE 2 2 

VIBR EVAL 2 2 

Of these sets , only the first and third would correspond to VEBR MODE 2 
MASK. 


If a data set being inserted into a library has exactly the same name as one 
already contained in the library, the old data set will be automatically flagged as disabled . 
Althoi^ the disabled data set remains intact within the library , it cannot be read 
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unless the user subse^ently elects to re-enable it (see the ENABLE statement. Section 
5,2), which will automatically result in the other data set being disabled. 


When operating interactively, program execution should never be interrupted 
(e.g. , on UNiVAG demand, a break foUowed by @@X T) if any data sets originated 
in the program. This is because certain TOC information is not finalized until the nor 
mal program exit procedure Is executed. 


Table 2.2-1; Ej^mple of TOG 
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Table 2.2-2; _ TQC_&tformatlon Summturv 


TOe 

Item Meaning 

SEQ Sequence number, i.e, , order of insertion into the library. 

HR Drum address pointer. A preceding minus sign means that the data set 

has been disabled. 

DATE Date of insertion, 

TIME Time of entry into the program which inserted the data set into the 

library, 

ER Error Code (0 - no error detected during generation of the data set; 

1 = minor error; 2 *?= fatal error; -1 = incomplete data set). 

WORDS The total number of words in the data set. Data sets are generally 

comprised of a sequence of physical records, or *%locks." Each block 
is a two-dimensional matrix dimensioned (NI, NJ), i.e., NI rows, 

NJ columns. The block length is always ^*NJ. 

NJ See above. 

NI+NJ See above. 

TY Type code (e. g, , 0 = integer, *^1 = real, -2 ~ double precision, 

4 = alphanumeric). 
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2 . 3 CARD INPUT RULES 

The SPAR free-form input decoder recognisses three types of words: 
integer, floating^poiiit, and alpha (typeless). Leading blanks are ignored. Each 
word is ended by a blank, comma , equal stgn^ slash, left parenthesis, or a right 
parenthesis , or by a record terminator (e.g., end-of-card). If used, commas, etc. 
should be carefully placed; for example 45 , is equivalent to 45, 0, . Floating- 
point numbers are toentified by the presence of a decimal point . Alpha words 
must begin with a letter. Allowable forms for floatii^-point numbers are: 

5000. s , 5-)'4s .05^-5^ 50.004^02, etc. 

Note that the Fortran form x. ^xx is not permitted. 

Each card begins an input record. A record is terminated by end-of^-card, 
or by any of the three following symbols: 


Record 

Terminater Ftmction 

$ Characters to the right of a ’$ are ignored. This is 

used for two purposes: (1) to allow the input decoder to 
atop scanning, and (2) to allow the user to insert comments 
in the data deck. A card with a $ m Column 1 is 
interpreted as a comment card, and is ignored by the 


decoder, 

5/6 punch* The S/8 punch { : on Univao) terminates one record and initiates 
a new record on the same card. For example, 


*On CDC systems the 12*"8-7 punch (;) serves this purpose. 


3, 4 : A, 9.5 $ 


is the sarne as 

3. 4 $ 

A, 9.5 $ 

4/8 Punch AH eharacterB to tiie right of a 4/8 punch ( ' on Univac» 
^on CDC) form a continuous alphanumeric label of up 
to 76 characters. Examples of label usage are shown 

below. 

GROUP 42' RING FRAME, STA, 420. 

CASE 240' 2. S G GUST + 9. 4 PSI PRESSURE, 

Throughout this document, input card descriptions will use the 
Univae symbols ( ; for 5/8 punch, ' for 4/8 pun#ij^ @ for 7/8 pvmeh) . 

Typeless words longer than 4 characters are truncated to 4 
characters, integer or floating-point words must not exceed 7 (Hgits. 
Exponents may have one or two digits . Floa^g- point numbers must not 
exceed host system limits. 


2.3.1 Equivalence of Word Terminators 

The word terminatorSf (blank), comma, equal sign, left parenthesis, and r^ht 
parenthesis , are equivalent. For esmmple, the foUowii^ statements have identical 
meaning; 

Z= SUM( 3.5 n, 4.2 Q) 

Z, SUM 3.5 R 4.2 Q 

2.3.2 Continuation Cards 

If an input record will not fit on a single SO-character card, the 6/8 punch 
(a > on UNIVAC systems} may be used to indicate that the current record is continued 
on the next card. For example, the folloMng record: 

1 . 2 • 3 • 4.. 5 1 6 . 7 . $ 

could be written as 

1 . 2 . ^ 

3. 4. 5. 6. ^ 

7. $ 

The > symbol also acts as a word terminator. Continuation cards must not 
be used tp extend an input record beyond 4Q words. 
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2,3.3 Loop-Limit Format 

There are many instances in which it is necessary to input an ordered list of 

integers; for example, a list of joint numbers , or a list of element index numbers > 

etc. For example, the input description given for a particular program may indicate 

12 3 4 

that a list of integers, n,n ,n ,n etc, , should appear in die following form: 

12 3 4 

N~ n ; n ; n : n : , etc. 

If it is specifically stated that "loop-limit format’' is permitted, then 

any of the input records in the above sequence may also appear in the form 
ft b 

n_ , _n _inc ; implying the following sequence: 

n®^, + inc, + 2(inc), + 3(inc) . 

If inc is omitted, It defaults to 1 . 

For example: 

10; 11; 12: 13: 5; 6; 7: 2: 30; 40: 50: 60$ 
may also be written as 


J= 10, 13: 5, 7: 2: 30, 60, 10$ 

Itestrictions ; 

• Unless sp>ecifiGally stated otherwise, inc should be positive. 

• The sequence n^, n^ + lnc, etc, must terminate exactly on n ; that is, 

b ft 

(1 + n - n )/inG must not be fractional, 

• Unless specif ieally stated otherwise, a single lopp^^- limit sequence must 
not consist of more than 100 input records. 
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RESET CONTROLS, CORE SIZE CONTROL, AND THE ONLINE COMMAND 


RESET statements allow the an^yet to alter certain parameters 
which control processor operation. Typical parameters available through 
RESET are Usted below. 

• Names of input and output data sets. 

• Unit numbers of source and destination libraries 
(default is always SPAR logical 1). 

• Flags indicating action to be taken if errors are encountered. 

• Flags controlling display modes. 

• MiBcellaneous quemtlties, such as zero-test values, scale 
factors, output data set block lengths, formulation selections, 
constants, iteration controls, etc. 




The form of a RESET statement is: 


RESET PpWj^, ^2T^Z* ^3”^3' *'“■’» where w. is the value to be 
igned to parameter p^^ . One or more RESET statements may 
follow a_ jgiXQT Processor command ; for example: 


ass 


@XQT INV 

RESET K=K+KG, CON= 2 $ 


@XQT EIG 

RESET PROBLEM= STABIEITY$ 

RESET CON=2, INIT=7, NDYN=8 $ 

addition to specific RESET controls defined for individual 
processors, the following two parameters apply to aD. processors: 
RESET AB0RT= 1$ 
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which will the processor not to make an error abort if it encounters a serious 
error (e*g. , if required input data sets do not exist), and 


W 


RESET CORES n$(available on UNIVAC, only) 

ubich will result in issuance of an executive request to change the total core size (both 
instructions and data) to n words. 


On CDC systems, the user controls core size through RFL cards. 


The statement, DATA SPACE n , appearing at the beginning of execution 
of each program, indicates n == total field length less instruction storage. 


Most SPAR programs generate little or no printed output. In some programs, 
the kind and quantity of output are controlled by a command (not a reset parameter) 
in the following form: 

ONLINE^ n$ 

where n = 0 for minimum printout, 1 for normal i>rintout, and 2 for maximum printout. 
H desired, the ONLINE statement may be used more than once within the same program 
execution. 
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2 . 5 data set structure 

There are several standard forms of data set structure that are used, in 
various appliGations, almost all SPAR programs. To avoid repetition in explaining 
these forms, standardized terminology for them is deRned in this section. There are 


four such data-^set forms, which are designated as TABLE, SYSVEC, ELDATA, and 


ALPHA. 


In the following discussion, NWORDS, KI, and NJ have the same meaning 
as indicated in the explanation of library tables of contents (TOC's) fqppearlng in 
Table 2. 2<<-2; that is, any data set may be interpreted as a sequence of two- 


dimensional matrices, each dimensioned (M, NJ). The physical record or "block" 


length is always NI times NJ . The total number of words in the data set is 
NWORDS. in some cases, NwOIUDS is an Integral miQtiple of the block length; in 
other cases, it is not. The following cases are representative: 

• Example, NI - 2, NJ = 3, NWORDS =24 


X X X X X X 

X X X X X X 

X X X X X X 

X X XX X X 

Block X 

Block 2 

Block 3 

Blodc 4 


9 Example. NI = 2, N J = 4, NWORDS = 20 


X xxxxxxx 


xxxxxxxx 


X X X X 


Void J 


Block 1 


Block 2 


Block 3 



It is a uniforin convention that the matrix elements contained in each block are 
ordered by column; that Is, where is the element in row i, column j, the 
sequence within the block is Xgj, Xg^ — Xjjj j. Xgg, Xgg, — -Xj^j g. etc.). 
In the first of the preceding examples, die order of elements witliin each block would be 

* 11 * ^ 21 ‘ * 12 ‘ * 22 * * 13 * *23 * 
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2.5,1 TABLE 

The TABLE form of data set has the foUowfiig attributes: 


• All data are real (floating-point), 

• NWORDS Is an inte^al multiple of the block lengtit^ NI*NJ; that is, the 
number of blocks contained in ttie data set is exactly espial to NWOHDS/ 
NPNJ . 


The following are examples of data sets in TABLE form: 



* Example. Node point position coordinate data produced by TAB subproces- 
Sor JLOC appear in a single-block data set for which Nl equals 3 and 
NJ equals the total number of node points. Element in this (3, NJ) array 
is the i-dlrection position coordinate of node point j . 


* Example. Temperatures at node points axe defined by muLtiblock data sets 

for which M equals 1 and NJ equals the number of node points ^ Element 

X. . in the (1, NJ) array is the temperature of node j , Each separate block 
4-J 

of the data set is a separate temperature case. 


( 

V.: 
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2.5.2 SYSVEG 


SYSVEC is a special case of the TABLE form. SYSVEC is used primarily 
to represent either (1) displacements and rotations of aU joints in the structure, or 
(2) forces and moments acting on all joints. The SYSVEC form is used to represent 
static deformation, reactions, vibrational and buckling eigenvectors, mechanical 
loading applied directly to joints, and various forms of equivalent joint loadings. 
This fonn is also used for di^onal mass matrices. 


In the following discussion, it will initially be assumed that no joint motion 
components have been identically excluded for all joints via the STAIIT command (see 
Section 3 . ) In this case, Nl is 6 ami NJ is equal to tihe totM number of joints in 
the structure. Each block of length Nl*NJ_corresTX)nds to,a_separate_case, e.g., a 
distinct load case, eigenvector, etc. 


The six elements in the j^th colitnm of a given block are either 


^Ij “2j 


^2j 


^IJ ^2J ^3j “ij ®2j “Sj * 


depending on whether the data consists of (1) joint motions, or (2) joint forces and 
moments. In the above, » in order, dlrection-^i 

displacement, rotatioa'*' , force , and moment’^ components at joint j > The components 
are, always lyl^tye- to the iOfait reference _frme uniquely associated #ith joint 1. 
which may or may not be parcel to the global frame (See &e JREF discussion in 
Section 3.1.6). 


-hand rule for rotations and naoinents. 
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If certain joint motion comixineiits ai» identically exclitded via the STABT 
command, the number of elements in each column will be reduced accordingly. 

For example, if the dtrection-3 displacement and rotations about axes 1 and 2 have 
been excluded (plane frame analysis), NI would be 3 and column j would contain 
either: 




^2j * “3j • 
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2.5.3 EIJ3ATA 

ELDATA Is a data form used to repFesent certain categories of data bearing 
a one-^to-one relationship with structural elements of a given kind, e.g. element 
temperature, or element pressures. Although a data set in EJLDATA form often con- 
sists of many blocks, it will initially be assumed, for slmplici^ of eigplanation, that 
the data set consists of a single block. In this case, the number of columns, NJ , 
would be equal to the total number of structural elements of a particular kind. 

For example, if the data set contains data associated with type E2l (general 
beam) elements, and the structure contains 70 E21 elements, the data set will contain 
70 Golumns. M, the niraiber of words in each column, will depend upon the specific 
kind of data involved. If the 70 elements appear in three proups ( say, 20 in group I, 

40 in group 2, and 10 in group 3), then the first 20 columns of an associated ElJ)ATA- 

I 

form data set would correspond to the 20 elements of group 1 (in sequential order, 
by structural element index number), the next 40 to the 40 in group 2, and the last 
10 to the 10 in group 3 . 

The block length, which is always an integral multiple of NX (the number of 
data items per coltnnn), does not often exceed a few thousand words, and is sometimes 
less than one thousand. Small block lengdis are used to minimize core storage require- 
ments. If the selected block length Is not sufficient te accommodate the data for all of a 
given kind of struetimhl element, additional blocks are appended. In such cases, NJ is 
interpreted as the number of coluinns of structure element data per block, and 
NWOEDS/NI is the number of associated Structural elements. 
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2.5.4 ALPHA 

The ALPHA form of data set is used to store Hiies of alphanumeric text. 
Kach line (Goliunn) contains 60 oharacters. Each block contains one such character 
string. One use of the ALPHA form is to store static load case titles. 



2. 6 EBHOR MESSAGES 

Various error mesaagea , uaually aelf-explanatory , may originate in 
SPAR processors. Messages indicating Insufficient core space refer to data 
space requirements , not to total (instruction all data) space. At the beg^ning 
of execution of each processor , a message , DATA SPACE = XXX3PC> indicates 
the amount of working core space currently available. This information enables 
the analyst to estimate the total field length needed in the rerun. 

Another common message is ERROR IN CONTROL STATEMENT SYNTAX. 
This means that an illegal RESET name has been given > or that the wrong type of 
data (integer , floating-point • typeiess) was given. 

Another common error message is 
LIB READ ERROR. NU ,L ,KORE ,IERR= XX XX XX XX 
NAME^ N1 N2 n3 n4 
Symbols in this message are defined as follows: 

NlJ = SPAR logical file number. 

L Data set block length (if the data set exists). 

KOBE = Core space available for loadbig the data set. 

lERR = Error code {see Section 2.2). If lERR = 2, core space is 
not sufficient to load a single block of the data set. 

NAME = Data set name. The last two words of the data set name are 

always printed as integers. Accordingly, if they are MASKed, 
they will not be readable (e.g. , oii tJNIVAC systems , they 
will be displayed as ♦*♦♦♦♦). 
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Many fatal error messages appear in the following form: 

FATAL ERROR. NERR, NIND= XXXX, xxjoc 
Other explanatory information usually precedes messages of this form. The follow- 
ing is a summary of error messages Involving communication with the data complex. 


NERR. KIND 

Meaning 

XLIB, n 

Attempt is made to refer to non-existent SPAR 
logical Me n. 

ASG, n 

Attempt is made to refer to non-existent SPAR 
logical Me n. 

KIND , t 

The user has supplied a Me not in SP^ direct- 
access llbr£u*y format to be used as a library. 
The parameter JL is used in diagnosis. 

R I ND , n 

The maximum number of data sets allowed for 
library n is reached. The normal limit for SPAR 
Level 9 is 2048 data sets per library. 


Other error messages involving data complex eoramunlcatioh appear 
In the following form; 

RiO ERR. NU,IWRvlOi»,KSHFT,L,ISTAT= — - 
INDEX= ---- 

These parameters have the follovdng meanings: 

mj ^ SPAR logical file number (1 to 26). 

IWR = 1, if writing on mass data storage; 2, if reading. 
lOP = Ad^essing mode indicator . 

KSHFT ^ Addressing parameter. 

L - Number of words in the requested transmission. 

ISTAT = I/O status code. 

INDEX = Parameters used in diagnosis. 
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Section 3 


STRUCTURE DEFINITION 


Four programs ■- TAB, ELD, E, and Elffi - are used to generate and store in 
the data complex data sets that define the finite element model of the structure , 

TAB and ELD are used to generate the basic definition of the structure . 
Subprocessors within TAB translate card input data into tables of Joint locations , 
material constants, section properties, etc. Subprocessors within ELD translate 
card input data into data tables that define individual finite elements of various 
types . 


f : Using the data produced in TAB and ELD, pro^ams E and EKS generate 

\:ijr 

an array of data sets , collectively Known as the Restate , that contain a complete 
description of every element in the structure, including details of element geometry, 
intrinsic stiffness matrices, etc. 

Except where specifically noted to the contrary, all data sets produced by 
TAB, ELD> E, and EKS should be retained in library 1. 
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TAB - BASIC TABLE INPUT 

FuncjiQn. TAB contains an array of sub-processors which 
generate tables of material constants, section properties, joint 
locations, etc., and various other data sets comprising a substantial 
portion of the defixdtion of the structure. Each of these sub-processors 
is Identified either by a multi-word (long form) name, such as JOINT 
LiOCATlONS, or by a short name, e.g. , JLOC. Each sub-processor 
generates a data set having the same name as the sub-procesaor. 
Sub-processor names and fxmctions are summarized in Table TAB-1. 

TAB may be used to either (1) create new data sets, or (2) 
update existing data sets by replacing individual entries in them. The 
update mode is commonly used in Demand (teletype) interactive operation. 
Only one direct access library, SPAR logical 1, is usable in conjunction 
with TAB. When beginning a new problfim . the first data card following 
@XQT TAB (and any RESET commands) must be 

START j, m-j, m^, - - - 

In the above, j = the total number of joints in the structure. It is not 
harmful to have some unused joints (i. e. joints connected to no elements), 
for convenience in interpreting the output* This should not be carried to 
extremes, however, since it wastes core storage. It shotild be noted tiiat 
it is not necessary to set aside large blocks of unused joint numbers in 
areas where you expect to later augment the model. The JSEQ sub- 
processor and an array of data modifier statements allow models to be 
extended without extensive repunching of existing data cards. 


The parameters m^i - - - on the START card list joint 
motion components which are identically zero for all joints. Those 
components are relative to the joint reference frames. For m-l,Z, or 3 
direction m displacement is indicated. For m=4, 5, or 6, a direction 
m-3 rotation is indicated. 

For example, a 1000 joint space truss would begin with 
START 1000, 4,5.6 

The above indiGates that all tliree rotation components are zero at all 
joints. As another example, a 500 joint plane frame would begin with 

START 500 3, 4, 5 

The above assumes that the the direction<^3 #splacements are normal 
to the plane of the frame, and the frame deforms in-plane only. 

SPAR uses the m's given on the START card to determine 
submatrix storage block size (see Ref.l, Sec. 4). Therefore the START 
card (railier than the CON sub-processor) should be used m suppress 
joint motions in cases such as those iHustrated above. 

Following the START card, or directly following @XQT TAB if 
Library 1 already exists , the TAB card input stream is as illustrated 
below. 


TAB 


data cards read by Proc^ 


Proc2 

■to 

data cards read by Proc^ 


etc. 


In the above, Proc^ represents a data card containing either the short 
or long •'form name of a sub-processor to be executed. Sub-processors 
may be executed in any order, subject to the following restriction: if 
the data read by one sub -processor refers to another TAB -generated 
table, the other table must already esdst. It is always safe to execute 
sub-proeessors in the order they appear in Table TAB-i, 

TAB input card rules 

In addition to the rules generally applying to SPAR free -field 
input, the following rules apply specifically to TAB. 

(1) Trailing items omitted on data cards are assumed to be 
zero, except when indtcated otherwise in discussions of 
specific sub-rprocessors. 

(2) Input should be in real (fixed on floating point) format, except 
for integer items such as entry numbers. Joint numbers, table entry 
pointers, and control variables. 
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TAB 


(3) Within the data card stream being read by any sub-processor, 
the following commands may be injected. 

FORMAT = j 
MOD- ra 

NREF= n 

In the above , 

• j idend-fies which of several admissible 
formats is to apply to subsequent cards. 

Details are given in discussions of individual 
sub- processors. 

• m is added to the table entry indicator 
(usually called k), in all processors other than TEXT, 

JLOG, RMASS, JBEF, CON and JSEQ. In JLOG, RMASS, 
JREF, and CON, m is added to joint numbers 
indicated on subsequent input cards* 

• In processors JLiOC, JREF, and MREF, reference 
frame n applies to data on subsequent cards. 

These three commands may be used repeatedly in the card 
streamof any sub-processor. Upon beginning execution of a 
new sub-processor, these parameters are internally reset to 
their default values, FORMAT=l, MOD=0, and NREF=1. 




Correcting existing data seta 

To enter the "update" mode of operation, the following command is 
injected in the input stream. 

UPDATE=1 

To leave the update mode, the command Is 
UPDATE=0 

UPDATE commands should immediately precede sub-processor execution 
commands. When operating in the update mode, the output data set produced 
in the current execution is identical to that produced in the preceding execution 
except for entries defined by the card input of the current execution. The only 
sub-processors which cannot be operated in the update mode are TEXT and 
JSEQ. 

As an example, suppose the location of joint 1742 is found to be in 
error. The JLOC data set could be repaired by the following card sequence. 

UPDATE=1 

JLOC 

1742, 947.62, 1841.9 23.487$ 


Library Title 


The following statement will cause an identi^ng title to be embedded in 
llbrmry 1: 


TITLE’ 60-character alphanumeric title 

The t^tle, which resides in a data Set named NDAL — , is displayed at the 
beginning of printouts of library Tables of Contents (e.g. , via DGU/TOG). 

RESET Gontrols. 

No special BESET controls are available in TAB. 

Core Requirements 

Working core requ^ements will not sighificantLy exceed the larger of 
(1) 13 times the number of joints, or (2) the longest table generated (see 
Table TAB-1). 

Gode_ Release Data 

Level 9 (UOSiVAG, CDG) July 1975, coded by W. D. Whetstone. 
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Table TAB - 1: TAB Sab-ProcessQrg 


Short 

Table ^ 

liong Form Name* 

Name 


Function 

TEXT 

15 n 

TEXT. Creates a data set Co ^diaining 
alphanumeric text documenting tiie analysis. 

MATC 

10 n 

MATERIAL CONSTANTS. Entries detine 
linear material constants £i etc. 

NSW 

n 

DISTRIBUTED WEIGHT. Entries define 
nonstructural distributed weight parameters 
(weight/length or weight/ area). 

ALTREF 

IZ n 

ALTERNATE REFERENCE FRAMES. Entries 
describe reference frames selected by the 
analyst for convenience in defining joint locations 
etc. 

JL^C 

3 j 

JOINT LOCATIONS. 

JREF 

j 

JOINT REFERENCE FRAMES. Entries define 
the orientation of reference frames associated 
with joints , used in defining constraint, applied 
loading, etc. 

MREF 

5 n 

BEAM orientation. Entries detine beam 
cros s - section orientation . 

BRL 

8 n 

BEAM RIGID LINKS. Entries define rigid 
links offsetting the end points of elastic 
2 -node elements from the joints they connect. 

BA 

31 n 

E21 SECTION PROPERTIED. 

BB 

21 n 

BEAM S 6 X 6 , Entries define elastic 
characteristics of type E22 and E25 elements. 

BC 

6 n 

E23 SECTION PROPERTIES. 

BD 

6 n 

E24 SECTION PROPERTIES. 

SA 

19 n 

SHELL SECTION PROPERTIES. 

SB 

4 n 

PANEL SECTION PROPERTIES. 

GON 

1. 

CONSTRAINT DEFINITION. 

JSEQ 

i 

JOINT ELIMINATION SEQUENCE. 

RMASS 

6j 

RIGID MASSES. 


is the number of entries in the table, and j is the total number of joints in the 
structure. 
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TE3CT 

3.1.1 TEXT MATC 

The function of the TEXT stib-procekfor Is to allow the anal^Bt to 
embed in the output library a data set contaiiiiiig alphanumeric text desm^ttve 
of the analysis being performed. Each card has a 4/8 punch in column one, 
followed by a 60 character string of text. 





3.1.2 MATEMAi. CONSTANTS (MATC) 

MATC generates a table of linear material constants. Each input 
card defines one entry in the table. The data sequence on the input card defining 
the k^th entry in the table is k, E, Nu, Bho^ Alpha^, Alpha^ ; where 
£ = modulus of elastictty, 


Nu « IfoisBon's ratio, 

Rho - Weight per unit volume, and 

Alpha. , Alpha = Thermal expansion coefBcients effective in directions 1 
^ - and 2, relative to element reference frames, for 3- and 

4-node elements. If Alpha 2 is omitted, ^ progpram 
sets Aipha 2 ^ Alpha^. Zero or negative values of both 
Alpha's are per^tted. For 2^node elements, the 
thermal expansion coefficient is Alpfaa^. 


Material constants associated with specific elements are defined in 
processor ELD by pointing to entries in the MATC table. 

3.1.3 DISTRIBUTED WEIGHT (NSW) 

A table of non-sfructural distributed weight paranieters is defined. 
The data sequence of the input card deRning the k-th entry in the table is 
k, W. 

For 2-^node elements, W is weight/length. 

For 3 and 4 node elements, W is wei^t/area. 


Non-structural weight attached to speebic elejments is deRfied in 
processor Elj), by pointing to entries In the NSW table. 
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3. 1. 4 ALTERNATE REFERENCE FRAMES (ALTREF) 

In addition to global reference frame, the analyst may find 
it convenient to define additional reference frames. These frames have 
several uses, including the following: 

(1) Joint locaMons may be defined in any frame the analyst 
finds most convenient (see JLOC). 

(2) Joint reference frame orientations may be defined via 
the alternate frames (see JREF). 


Each frame is uniquely identified by a positive integer. The 
glQbaLframe is always frame 1 ; acGordiagly the analyst is free to define 
only frames 2, 3, - - The order of data oil the input card defining 
frame k is 


k, 




^ 2 ' ^ 2 ’ 




SCj, Xj, 


In the above x^, X 2 , and x^ are position Goordinates, relative to the 
global frame, of the origin of frame k. The x'S need not be given if 
only the orientation of frame k is of signifiGanGe, which often is the case. 


The parameters ^3 indicate ordered rotations 

defining axis orienta^ons. Two formats are provided. In both eases, we 
begin with a loeal frame parallel to the global frame. After the ordered 
rotations are Gompieted, the local frame is parallel to frame k. Each of 
the i's maybe 1, 2, or 3, in any order. The a's are angles in degrees . 

If F0RMAT~1 (default , the sequenGe is; (1) rotate tiie local 
frame a^ degrees about local axis then (2) from the new position, 

^ ^ EEPRODUCmiLITY OF THE 

PRtaiNAL f AGE IS POOR 


tab/altref 


rotate l^e local fraxne degrees about axis then (3) from the resuMng W 
position* rotate the local frame a^ degrees about axis i^. U FORMAT=2, 
the i's axxd a*s indicate rotation of the global frame relative to frame k. 

In the following example of an input card defining frame 27, it 
is assumed that FORMAT? 1. 


27 3,30. 1, 10.$ 



First rotation, 

G. = Global axes 

■'1 



K, = axes of Fr^cne 27. 
1 
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3. 1. 5 JOINT I^GATIONS (JLGC) 

JLOC produces a table contaixiing tile position coordinates of 
the joints. The data sequence on input cards is as foUows: 


k, xa^, xa 2 , xa^. xb^, xb^. xb^, ni, ijump, nj 

If nj is given, a second card must appear, 

jjump, x€j, XC 2 I xc^, xdj, xd 2 , xd^ 

There are Ihf ee possible interpretations of the above: 

(1) If only k, xa^, Xa 2 and xa^ are given, the xa's are coordinates 
of joint k. 

(2) If k, xa^, ni» and ijump are given, the xa's and 

xb's are coordinates of points A and B terminating a string of 
pi equaEy-spaced joints, 
k, k+ijump, k+2(ijump) - - - - 


Point B 
* 


Point A 

i 

k 


k+ 

2(ijtimp> 


fc+ 

{ni^ 1 Kijump) 


fc+ 

ijump 

The default value ©f ijump is 1 , 


(3) If nj is given, a linearly interpolated two-dimensional mesh of 
(ni)(nj) joints is defined, as mdicated below. 


G 

# 


k+ 

2 (j jump) 

k+ ^ 
jjump 


-h 


-i 


k+ 


^ ijump+ 
jjutnp 




k+ 

k-f 

2(iium 




Ijump 
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Although the output table generated by JLOC is in rectangular 
coort^nates relative to the global frame, coordinate data appearing on 
the input cards may be either rectangular or cylindrical, and may be 
relative to any frame already defined in ALTRBF. The associated 


control cards are summarised below. 


Control 


NIIEF= n Coordinate data on subsequent cards is relative 
to f rame n (until another NREF command is 


‘•'i k 


Subsequent data is in cylixidrical coordinates , 
relative either to frame 1 (global) or to any 
other frame Selected by an NREF command. 
The convention is shown below. 


FORMAT=2 


1 



= radial distance from 3 '•axis. 

Xg = angle, in degrees , from 
the l-3^1ane . 

X ^ = linear (^stance from the 
1-2 plane. s 



format = I Switch back to rectangular coordinates. 


Switching among frames, and between rectangtdar and cylixxdrical 
coordinates is unrestricted. 


If cylindrical coordinates are used in cozmection ^th mesh generation, 
interpolation is performed before transformatipn to rectangular coordinates; 
so that regular meshes on Gircles, cylmders and cones are readily generated. 


3 > 1 > 5—2 
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3.1.6 JOINT REFERENCE FRAMES {JREF) 

A unique right>hnnd rectangular reference frame is associated 
v4;th each joint. Through JREF the analyst may designate the oHentation 
of any joint reference frames . All joint reference frames not defhaed in 
JREF are, by default, parallel to frame 1 (global). The orientation of 
these frames is of considerable signifiGance, since joint motion components 
and mechanical loads applied at joints are defined relative to them (see 
discussions of TAB sub-processor CON, and SYSVEC format). 

To identify a set of joints with reference freunes parallel to 
frame n (see ALTREF), an input card containing NREF^n is foB.owed by 
a sequence of records in 'loop limit' format naming the jointly. ' Loop 
limit' format ist j^, inc, meaning joints j^, jj+inc, jj+2(inc), - - - j^* 

Default for j^ is Default for inc is 1. 

For example, the following records indicate that the reference 
frames of joints 5, 6, 7, 8, 19, 30, 32, 34, and 36 are parallel to frame 10. 

NREF=10: 5,8: 19: 30,36,2$ 

The language NREF=-n indicates that the joint reference frame is 
oriented as follows: 

The 3 -axis of the joint frame is parallel to the 3 -axis of 
frame n 
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• The 1 axis of the joint frame is perpendicular to the 
3>axis of frame>n> as shown below: 
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3.1.7 BEAM ORIENTATION (MREP) 

Each two-^node element has an "element reference frame" 
associated with it (see processor ELD discussion). Beam section 
properties, stresses, etc. , are defined relative to these frames. 

The 3<^axis of the frame is directed from the bearrfs origin to its 
terminus. The origin and terminus are the ends connected to joints 
J1 and J2, respectively, as defined in processor EI 4 D. The beam 
end points coincide with J1 and JZ, uuleSs offset by rigid links defined 
via the BRL sub'-processor. 

Entries in the table produced by MREf* are used to define 
the orientation of beam axes 1 and 2 . Usually a single entry in this 
table will apply to many beams. Eitiier of two data sequences may be 
selected through FORMAT control, as indicated below. 

If F0RMAT=1 (default), the data sequence defining table entry 

k is 

k, nb, ng, isign, c 

The above indicates that c is the Gosine of the (smallest) angle between 
beam axis nb and global asds ng. Legal values of nb are I and 2, and 
ng may be l,2,or3. The parameter isign resolves a possible ambiguity 
by indical^g whether the cosine of the angle between beam a^s (3-nb) and 
global axis ng is positive or negative, with values of +1 and •i-l indicating 
positive and negative, respectively. Examples are shown below. 
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nb, ng, isign, and cs are nb, ng> isign. aiui c are 

-I,*!, l*3p+l,,i. 

In both of the above cases the cosine of the angle between beam axds 1 

and global axis 3 is .1, and islgn defines the sign of the cosine of the 

angle between beam axis Z and global axis 3. 





In about 9S% of the cases c is eiiher 1 . 0 or .0. 

Care should be taken to supply meaningful informafion. For 
example, if beam axis 3 is parallel to global axis 2, it is useless 
to state that the cosine of the angle between global axis 2 and beam axis 
1 (or 2 ) is zero. 


In FQRMAT=2 , the data sequence defining table entry k is 
k, il, ’ ^2* ^3* 

The above indicates that beam axis orientation is determined by the 
localion of a 'third point', located at (x^, x^, illustrated below. 

The x's are in rectangular components , relative to any frame defined 
in ALTREF. The NREF=n command may be used to switch to frame n 
(default is frame 1), anywhere in the input stream. 
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In the above, and B are coplanar, and parallel to x B. 

The input parameter il aelecta one of four possible beam axis orientations, 


as shown below. 


E2 ^2 ®2 ^2 



2 

1 



E, ______ 

_ 2 £ - - 

1 F, - . 


1 ' - - 



iUi . 

il^2 

CM 

1 

II 

ft* 

il=-2 j 


The analyst will find both formata 1 and 2 useful. For example, 
if rings and stringers reinforce a cylindrical or cpmcal sheE» it may be 
possible to define the orientation of all of the ring elements with a single 
format'll MREF table entry, and to define the orientation of all of the 
stringer elements with one format' 2 entry. 
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3.1.8 BEAM RIGID LINKS (BRL) 

Each entry in the table generated by BRL deBnea rigid link ofEaeta 
tor botii the origin and terminua of a 2 -node element. The data sequence 
on the input card defining the k-th entry in the table is 


,.11 11 

kj 1 , . x^i x^> 


.2 2 2 2 
1, X|. x^ 


The above data is defined as follows . 

1 1 1 

• Xj , x^t x^ are the position coordinates of joint 
J1 (see ELD discussion) minus the position 
coordinates of the beam origin. 


2 2 2 

x^, x^ are the position coordinates of joint J2 
minus the posiHon coordinates of the beam terminus. 


The x*a are always given in rectangular eoorjihnates relative to reference 

1 2 1 . 

frames defined by the parameters i and i . If i =n (positive), it indicates 
that xj, x^, x^ are relative to frame n (see ALTREF). If the 

reference frame of x|, x^^ x^ is shown below. 



1 1 1 
Xj, X2» x^ 

relative to 
this frame 


Frame n 


2 2 2 2 
interpretation of xj^, x^, x^ is controlled similarly by i . 
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3. 1. 9 E21 SECTION PROPERTIES (BA) 

BA generates a table of section properties to wMcb reference is 
made duri^ definition of type £21 elements in processor ELD, Nine 
classes of cross section are allowed. 


The first word in each input record is a typeiess word (e*g. BOX, 
TEE, etc. ) identifying the class. A single card defines a table entry, 
except for PS Y. which requires two cards . Pata sequences are as indicated 
below. 


BOX 

k, 

^i’*l* ^2*^2 

TEE 

h, 

^r^i’ ^2* *2 

ANG 

k, 

^ 1 *^ 1 * ^ 2 * ^2 

WFL 

k, 

^1*^1* ^ 2 * ^ 2 * ^ 3*^3 

CHN 

k. 

bj.tj^, bjj, t2* ^^'*3 

ZEE 

k. 

bj^,t2^, ^2’ ^2* ^3*^3 

TUBE 

k, 

inner radius, outer ra^us 

GIVN 

k. 

^1*^1* ^2* ^2* ^ i* ^2* ^ 

DSY 

k, 

^ 2 ^ ®2* ^1 (card 1) 


q2* q3* yn» yi2* ■ - " V 4 i* ^42 (card 2) 

In the above, k Identifies &e table entry number. The b's and t's are 
cross ' S ection dimensions defined on Figure BA-1. 

m all cases the origin and terminus of the beam (see dis cus sions 
of MREF, BRp, and ELD) coincide with the secMon centroid. For GIVN 
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and DSY aections, 

i|, I Primsipal monaents of inertia. For DSY see^pns. principal 
^ axes must coincide with the element fefe^Me fra^e axesT 


CTi* &2 Transverse shear deflection constants associated with 1. 
and ly, respectively. For no shear deflection, set 
equaito zero. 

a~ cross-sectional area. 

f - Uniform torsion constant. For uniform torsion, torque = 

Gf X (twist angle /unit leng^), where G is the shear modulus. 

f^= Nonumform torsion constant, accounting for flai^e- bending 

effects on torsional ati£6ie8S, etc. 

z^.z^ Shear center - centroid offsets. 

6 XhcBJoation of princip^ axes relative to the element 

reference frame (see Figure BA>i). 6 is in radians. 


Use of the above quantises in calculatuBg element stiffness matrices 

is discussed in Appendix B. Items given on the Second card defining DSY 

secHonB have the foliowing meahihg: 

q^.q^ Secidon shape factor such that maximum shear stress due 
to V, . a shear in direcUon I. is = V, q,, q, is simiiarly 
defiAed. ^ ^ 


q^ Section shape factor su^ that mciximum str es s due to 

twisting moment T is Tq^. 

Y'l* V*2~ Locaidon, relative to the element reference frame, of the 

^ ^ i-th point at which My/I combined bending stresses are to 

be Computed. U|> to 4 such pomts may be prescribed. 


^ In the aotatioii of 
C = Gf, and 


Appendix B , 


Cf Efj 
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3.1.10 BBAM S 6 x 6 (BB) 

BB generates a table of directly specified 6 by 6 intrinsic stifbiess 
matrices to which reference is made during definition of type E 22 and 
E25 elements in processor ELiD. Six cards, as indicated below, are 
required to define one entry in the table. 


21 ’ 

®22 




31* 

®32* 

®33 



41' 

®42 

®43> 

S 44 


51' 

®52' 

®53' 

S 54 . 

®55 

61' 

®62’ 

®63’ 

®64* 

®65 


In the above, k identifies the table entry, and the S..'s are elements 
of a symmetric intrinsic stiffness matrix, S , whii^ is defined as foJU. 6 ws: 
if the terminus (see ELD, MREF, BRL dis cue signs ) ^f the element is 
eompletely fixed. 


where 


F = 
U = 


F= SU, 

(£j £2 £3 ifej 

(«£ U2 U3 rj 


and 

^2 ^^ 3 ^ * 


Ln the above, f., m., u., r^ = applied force, applied moment, displacement, 
and rotatipn components at the origin . All compohents are relative to the 
element reference frame. 
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£23 SECTION PKOPEATIES (BG) 


BC generates a table of axial element section constants to which 
reference is made dturlng definition of type £23 elements in processor 
EIjD . The data sequence on the input card defining the k*th entry in the 
table is k,a where a equals the cross'^sectional area. 



^ I 
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3. 1. 12 E24 SECTION PROPERTIES (BD) 

©D generates a table of plane beam element section properties 
to which referenee is made during definition of E24 elements in 
processor EL,D. The data sequence on the input card defining the 
k-th entry in the table is 

k, A, Ij, ofj, h, e, q^. 

In the above, 1^, and qj^ are the same as for DSY sections, as defined 
in ©A, the E21 section property sub-processpr. Dimensions h and e 
are as shown below. A cross sectional area* 


Aads 2 



Axis 1 of element 
reference frame 


:4 
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3.1.13 SHELL SECTION PROPERTIES (SA) 

SA generates a table of ehell eectioli properties to wUcb refereace 
is made during definition of elemsnt.l^es ESI, E32, E33, E41, E42f and 
£43, in processor ELP* Two formats are available to define table entries. 
Material constant table (MATG) entries associated with individual elements 
are defined in ELP via the NMAT parameter. Appficable entries in the 
matejrial constant table must also be identified during jexecutjQn of SA , 
ufljpgjfeo same type of conmaand,, NMAT-=entr-V-number fde^ultclV. 

Two formats are available to define entries in the SA table, if 
FORMAT^ 1 (default), an Isotropic section is indicated, and the data 
sequence on tlie Single input card defining the k-th entry in the table is 

k, thickness. 

If FORRiAT^ , an aeolotropic secfioti is iiadlcated . Three cards , 
contaliiing the data sequences indicated below, are required to define the k-th 
entry. 

u ip tjA ^b « 

^Xi» ^22’ ^12’ - 2’ *1* *2 ^ 

°11* ®12’ ®22’ ®13' ®23’ ®33 ^ 

**11' *^12* S?’ ^13’ *^33 ^ 


The trailing itenis on the first record iu*e Stress coefiicients , defined 


as follows ‘ 

Membrane 

Bendii^ Stresses, 

Bending streeaes. 

stresses 

location a . . 

location b 


•'x " ^?Mil 

'x " *lMu 

" **22^^22 


<ry - a 

’ky ^12^^12 
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The c's and d's are defined as foUows. Where 

^22* ^12 membrane stress resuLtants, 

s and V |2 are membrane strains. 


U’ *22' 


^22* M^2 

kij, k22* andkj2»re 


3 


9^w 


3y‘ 


and 2. 


aac ay’ 


^ .. ^ 

’^ll 


®11 ®12 ®13 


•u 

N 22 

= 

®21 ®22 ®23 


*22 



®31 ®32 ®33 

■ 

"'^12 

Mir 


‘^ll ^12 ^13 



“ 2 ? 

= 

^21 ^22 ^23 


^22 



Si ^32 **33 


**12 


For isotropie Sections 


Cii-C^j"®^/ (I'V^) 

c jj-c 1-v) /2 


12 


®ll‘' 


‘^13"® 2 3"® 


d^j-d22-Et3/i2(i-v2) 

d33#diiU^v)/2 


12 


‘*11*' 


d, _ ■ d _ » “0 
13 2 3 


All of the above quantifies are relative to the element reference frame 
(see ELD discussion) . Stress resultant sign convention is shown on Fig. SA-1, 


It should be noted that subprocessor SA computes c^^’s and d^^'s for 
isotropic sections, based on the material constant data current]^ resident in library 
1. If material oonstants asBociated with isotropic sections are subsequently changed, 
SA should be re'^executed. 
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Ele^nt Reference Frane 
Bending Stfese Reeultanta Sign Conyention 


Figure SA-l 
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3.1.14 PANEL SECTION PROPERTIES <SB) 

SB generates a table of shear panel section properties to which 
reference is made during definition of £44 elements in processor ELD. 
The data sequence on the input card defining the k-i'th entry is k.t 
where t = panel thickness. 


3. 1.15 CONSTRAINT DEBTNITION (CON) 


GON 




H I 


Any number of constraint cases may be defined* 


each uniquely 


identified by an integer assigned by the analyst. To define constraint 
case n, the CON sub-processor may be activated by etny of the following 
commands . 


constraint definition n 

CONSTRAINT* n 

CON-n 

Constraint is defined by specifying certam joint motion components 
to be either (1) unGonditionally equal to zero, or (2) a specified value, 
possibly not Zero. In the second category, specific values of such 
Gomponents may vary from one load case to another. (See Section 6.) 

bi the following, m=l, 2, or 3 indicates joint displacement in 
ddreGtion m , reiafive to a joint reference frame (see JREF). If 
m=4, 5, or 6, a direction m-3 rotafion component is indicated. 


To specify that joint motion components rn^’ “ “ 

\Hi conditionally zero at certain joints > a command in the form 

ZERO mj^, 

is fofiowed by a sequence of records in 'loop limit' format (see JREF) 
identifying the joints at which the indicated constraint is imposed* For 
example, to set the direclibn 3 displacement and direction 2 rotation equal 
to zero at joints 1,2,3, 17, 34,36, and 38, fiie following language coudd 

be used. 
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ZERO 3,5; 1,3; 17: 34,38,2$ 


To declare joint motion components which will have prescribed 


nonzero values , a command in the form 
NONZERO TOp ; 

is followed by input cards in loop^imit format identifying the affected 
joints. 


To release components erroneously constrained, the command 
BEXjEASE ; 

is followed by cards identifying the affected joints, as above. 

Additional commands, as summarized below, can be used to 
cause CON to automatiGally impose constraint to joints lying in global 
planes . Each joint in a symmetry or anti synmnetry, plane must have an 
axis of the joint reference frame (ge^JREF) perpendicular to the plane , 
although the other two axes need not be parallel to global axes. 


Command 



SYMMETRY PEANE= 

H 

The plane normal to global axis n 
is a symmetry plane. 

ANTISYMMETRY PEANE= 

n 

The plane normal to global ams n 
is an antisymmetry plane. 

FIXED PLANE = 

n 

All joints in the plane normal to 
global axis n are completely fixed. 

XZERO= 

X 

In processing the above commands , 
X is the linear tolerance used to 
determine if a joint is in a plane. 
Default X is . 01 . 
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Command 

RZERO= 


Mearung 

In processing the above commands, 
joints found to be in a symmetry or 
antisymmetry pl^me must have an 
axis normal to &e plane. The axis 
alignment tolerance is r (default 
value = .0001 radians). 
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3. 1. 16 JOINT ELIMINATION SEQUENCE (JSEQ) 


As indicated in Reference 1 of Section 4, the sequence in which joints are 
eliminated during the factoring (reduction) sequence performed in 
processor INV significantly affects computer execution time and data 
storage requirements » both in factoring and subsequent execution of 
processors such as SSOL and EIG. We expect in the future to provide 
software which will substantially automate determination of Joint 
eliminatipn sequences. For the present* however, it is necessary for 
the user to perform one of the following. 

(1) Carefully study Reference 1 of Section 4 to learn the factors 

governing choice of favorable joint numbering sequences . The 
rules are less restrietive and in many respects simpler than 
those associated with band matrix or wavefront procedures. 


(2) Ask the advice of someone familiar with the sparse matrix 
solution procedure used in SPAR or in the SNAP program. 
For the infrequent user this is an excellent solution, since 
most experienced users can readily identify suitable 
sequences. 


(3) Use a numbering sequence which would be appropriate for 

a band -matrix or wavefront procedure. This will forego the 
opportunity to use the full capability of SPAR's sparse matrix 
procedure, but it is the only alternative to the above. This will 
often give satisfactory costs for problems of small to moderate 
size. 
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Several methods of defining the joint elimination sequenee are 
allowed. The simplest and least automatic is comprised of a sequence 
of input cards in string integer format, as illustrated below. 


10/13, 8/5, 9$ 

4, 1/3, 14$ 

The above implies the following joint sequence: 

10, 11, 12, 13, 8, 7. 6, 5, 9, 4, 1.2,3,14. 

For regidar structures involving repeating patterns in the joint sequence, 
ihe command 

REPEAT n, inc, jmod 

may precede a packet of cards (terminated by another REPEAT card, or by 
end of data) defining a list of joints. The effect of the REPEAT card is to 
cause jmod to be added to each joint in the Ust. The list is repeated n 
lames, with inc added to each joint number upon each repetition. 

'' For example, suppose it is necessary to describe the following 
joint elimination sequence for a structure containing 140 joints: 

111, 112, 113, - ^ ^ * 120, 

101, 102, 103, ^ ^ 110, 

131, 132, 133, ^ - 140, 

121, 122, 123, ----- 130, 

100 , 99 , 98 , - -- ^- -- - 3 . 2 , 1 . 

The above is represented by the foUowdng JSEQ input. 
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REPEAT 2, 20, 100: 11/20, 1/10$ 
REPEAT 0, 0, 0: 100/1$ 

The default values of n, Inc, and jmod are 
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3. 1. 17 RIGID MASSES (RMASS) 

Two fox’xnats are available to define a rigid mass, as indicated below. 


If F0RMAT=I, the data sequence on each card is 
k, M, Ip i^, ty where 

k is the joint to which the mass is attached^ 

M = mas Si and 

I. = mass moment of inertia about axis i of the joint reference 
frame. Note that it is reqaired feat the joint reference 
frame be eoineident with the principal axes of the rigid 
mass. Rigid links and zero-length 2 -node elements 
are often useful in modeling large rigid masses. 


If FORMA T= 2, the data sequence is 


k, L , I„, I„ , where the data has the same meaning as 

i ^ o 1 4 ^ 

above , except that M . is the mass effective in the direction of axis i of the joint 
reference frame. 


If a data card in either of the above formats is preceded by the 

command 

REPEAT n, j, 

the effect of the REPEAT command is to cause the same mass to be defined 
at n joints, k, (k+j ), (k+2j), - A REPEAT comm and applies only to the 
data card immediately following it. 


To cause all subsequently defined masses (M, or Mp M^, and M^) 


to be multiplied by p, and to cause aU f s to be multiplied by q, a command 
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is given in the following form, | } 

CM p, q . 


if suGGessive CM commands are given, the new values of p and q 
replace the previous values. 

The output data set generated by RMASS is, in effect, a <^agonal 
mass matrix cor responding to the mass data read from the data cards 
defined above. Distributed mass associated with elements is not 
included in the RMASS output. However, if element distributed mass is 
negligible, RMASS output can be used aj a system mass matrix by 
processors AtTS and DIG. 

f I 
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3. 2 ELD - ELEMENT DEFINITION PROCESSOR 

Function - ELD translates element de£inition data from input cards 
into data sets which are readily usable by other SPAR processors. Elements 
may be defined singly or through a variety of network generators, or com- 
binations thereof. An element is defined by specifying (1) the joints to which 
it is cormected, and (2) pointers to applicable entries in tables of section 
properties, material constants, etc. The tables of section properties, etc., 
are Usually generated by the TAB proeessor. As the ELD input is processed, 
Gheeks are performed to detect errors such as references to nonexistent 
table entries, joint nvunbers, etc.; however, ELD does not extract any 
data from TAB generated tables. AGCordingly, if TAB is subsequently 
re-exeeuted to alter values of section properties, joint position eoOrdinates, 
etc, , it is not necessary to re-exeeute ELD, provided the eoiinaeted joint 
numbers, table entry pointers, etc. , of the elements are unchanged. 

Alphanumerie names used to identify specific types of elements 
are summarized in Table ELD^l. Formulations pn which thes e elements 
are based are dis cussed in Appendix B. 

Table ELD- 1 :__Summarv of SPAR Elements 


Name 

E21 



General beam elements, such as angles, wide 
flanges, tees, zees, tubes, etc. 


E22 

E23 


Beams of finite length for which the x b 
intrinsic stiffness matrix is directly specified. 

Bar elements having only axial stdffness. 
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Name 

E24 

E25 

E31 

E32 

E33 

E41 

E42 

E43 

E44 



Plane beam. 


Zero-length element used to elastically cohnect 
two coincident joints. 

Triangular membrane, flat, aeolotropic, using 
TM constant- stress formvdation. 


Triangular membrane ^ bending element, flat, 
aeolotropic, using TM and TPB7 formulations. 

Quadrilateral membrane, flat, aeolotropic, 
using QMB5 hybrid formulatipn. 

Quadrilateral bending element, flat, aeolotropic, 
using QPBll hybrid formulaflon. 

Quadrilateral membrane + bending element, flat, 
aeolotropic, using QMB5 and QPBll formulations. 

Quadrilateral shear panel, flat, using QMBl hybrid 
formulation. 


For purposes of dcplaining card input, we will consider ELD to be 
comiprised of an array of sub-prpcesspfs, one for each type of element. 
The function of each sub -processor is to read input cards defining all of 
the elements of a particular type, A sub-proeessor is activated by an 
input card containing the name of the element jtype . Sub -processors may 

be called in any order. A typical input stream is Shown below. 


@XQT ELD 
E43 


(Data cards defining all of the E43 elements in the structure) 


E21 

(Data cards defining all of live E21 elements in the structure) 
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ExecuUbn of each sub-processor results in production of data sets having 
the following names (£XY represents the name of an element type^ such 
as E21, E33, etc.): 

DEF EXY = Basic (integer form) element definitions. 

GP EXY = Group directory. 

GTIT EXY = Group titles. 

When a sub-proceesor is executed, the restdtant output data sets replace 
ail data previously generated by the same sub-processor in any previous 
execu^on. 


Elements of each type may be assigned by the analyst to separate 
groups . Within each group, each element has an identifying index number . 
The grouping of elements serves various purposes, which new users will 
learn with experience. It is almost always best to use many groups. 
Definition of the elements in group n is preceded by an input card in the 
following form: 

GROUP n' - - ^ title describing group n - - All elements 
defined by input cards following such a card belong to group n. Groups 
must appear sequentially (group 1, group 2, - If no GROUP card appears, 
all elements are assigned by default to group 1. The order in whieh individual 
element definitions appear following a GROUP card determines the index 
numbers they are assigned within the group. 

* It is planned in a future release to provide an "update" mode of operation 
allowing deletions, additions, and Corrections to be made. 
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Element defmilion cards have the forms shown below. 


All 2 -node elements; 
Jl. J2 

All 3 -node elements; 
Jl. JZ. J3 



NETOE>T, NET(l), NEf(2) - - ^ 
NEfOPT, NET(l), NET(2), - - 


All 4 -node elements: 

Jl, J2, J3, J4 NEfOPT, NET(l), NEf(2), - - - 


It should he noted that the order in which Jl, J2 - - appear on the element 


definition cards is very important, since the orientation of element 


reference frames is defined on the basis of this information (see Fig. ELD-1). 


All element- related quantities^ such as stiffness GoeffiGients, stresses, etc., 


are relative to these referenee frames. 


In the above, Jl, J2> - - i^icate the joints interconnected by the first 
element defined by the card. If the optional network operaHon parameters, 
NETOpT, MET(l), NET(2), - are given, they result in definition of 
additional elements, in accordance with specific rtxLes which will he defined 
subsequently. 


The section properties , material properties, etc. associated with 
each element depend upon the values of various table reference pointers 
prevailing at idle time ^e element definition card appears. These pointers 
are summarized below. 
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ELD 


Table Default 

Pointer Value 

NMAT 1 

NSECT 1 


NOFF 0 


NNSW 0 

NREF 1 


Associated Table 

Material constants, MATC. 

Section properti^es. £44 elements 
refer to Table SB. All other 3 and 4- 
node elements refer to Table SA. 

E21, £22, E23, £24. and £25 refer 
to £A, BB, BG, BD, andBB, respectively. 

Beam rigid link offsets, BRLi 
(2 -node elemeats, only). 

Nonstructural distributed weight, NSW. 

Beam reference frame orientation, 

MREF (2-node elements other than E25, 
only). For £25 elemerts, NREF points 
to an entry in the ALTREF table. 

For 3 and 4 -node elements NREF is not 
a table entry pointer. Instead, NR£F is 
used to specify the direetion of~ae^^ 
positive bre^ure exerted on the element, 
if NR£F*0,^ressufe exerts no force on the 
element. lfNREF=l, poaiiave pressure 
acts in the direGtion of the 3-a?ds of the 
element reference frame (see Fig. EUD-1, 
below). If NREF-- 1, pressure acts in the 
opposite direction. 



(1) All systems right-hand 
re ctangular . 

(2) Orientation of 1, 2 axes of 
2 node elements depends on the 
entry in MREF table indicated by 
NREF. 

For 3, 4-node elements, j 3 lies 
in quadrant 1 of plane 1-2. 


3 



Figure ELD'^l* Element Reference Fr^nes 
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ELD 


An example of the use of the table reference parameters is shown 


below. 



NMAT=4: NSECT=7: 29.13; 13,74; NSEGT=8; 74, 16; NMAT=2: 74,92$ 


ELD also aceepts input commands which have the effect of modifying 
the data given on subsequent input cards. These Commands are summarized 
below. 


Gommand 


MOD 

JOINT = 

n 

Add n to aU joint numbers . 

MOD 

GROUP= 

n 

Add n to all group numbers. 

MOD 

NSEGT= 

n 

Add n to NSECT pointers. 

” nmat 

MOD 

NMAT= 

n 

MOD 

NNSW= 

n 

" NNSW 

MOD 

NREF= 

n 

" NREF 

MOD 

NOFF= 

n 

" NOFF " 

INC 

NSECT= 

n 

See below. 

ING 

NMAT = 

n 

11 i.i 

ING 

NNSW- 

n 

ir if 

ING 

NREF= 

n 

1 ( n 

INC 

NOFF= 

n 

It M 
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A frequently encountered situaUon is one in which a substantial 
portion of a finite element model is comprised of a regular mesh, Which 
can be automaMcally defined by a mesh generation Gommand, but the 
section properties are so nonimiform that it becomes necessary or highly 
desirable for simplicity of input preparation to assoGiate with each element 
a unique entry in the section property tatde. A common example is an air- 
craft fuselage , where cutouts, doublers, stiffeners, etc., re stilt in extensive 
variations in section properties over a mesh that is topologically and geo- 
metrically regular. A similar situation involving distributed nonstructural 
weight also sometimes occurs; e. g. thermal protection material of varying 
thickness. The INC .eenunand is intended primarily to address situations 
of this type , 

The INC commands are used to cause the associated table reference 
pointers to be automatically incremented by zi as successive elements are 
defined. This is especialiy useful in conjunction with network generation 
options, which are defined in detail on subsequent pages. For example, 
the element definition command 701, 702, 1, 50 causes fifty elements to be 
defined, eoJmeGting joint pairs (701,702), (702,703) — - - (750,751). If 
section property table entries 101,102, - - -150 apply, successively, to 
these elements, the following input would suffice. 

NSECT= 101; INC NSECT-1: 701,702. 1,50$ 

All MOD and INC, parameter 8 are internally reset to zero after 
gonelusion of each sub -processor execution . The MOD and INC commands 
are not cumulative. That is, MQD NSEGT 7: - - - - MOD NSECT 3: - - is 
not equivalent to MOD NSEGT 10, 
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ELD 


Reset Controls 

Only one reset command is permitted: 

O'UTLIB = Destination library for ELD output* The TAB -generated 
data sets must already be resident in this library* 


Core Rectuirements 

ELD rarely requires more than 1500-3000 words of working core 
space, regardless of the size of the problem. 

Cqde Release Data 

Level 7 {UNI VAC, CDG), July 1974, coded by W. D. Whetstone. 
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Two -node element nej^ork 


If NETQPT= 1. 

NI= NEt(l) (defauU-lK 

NJ= NET(2) (de£ault=l), 

JINC= NET(3). 

Implied sequence; 


N1=J1 

iDIFF=J2-Jl 
DO 200 J^l.NJ 
DO 100 1=1, m 

N2=N1+IDIFF 

Define element connecting node N1 to NZ 
100 N1-N2 
200 NUJl + J JINC 


JINC 
100 

I I 


J1 

9 


J2 

12 


Netopt 

1 


NI 

4 


NJ 

2 


(ir 


12 


(2) 


15 


(3) 


18 


ill 


21 


109 112 115 118 121 

* (6) err ' (8) * 


'!=The order in which the elements are defined is indicated by the number 
( ) enclosed in parentheses, The index niimher identifying elements within 

each group are determined by the order in which the elements are defined. 
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Two -node element network generators (continued) , 


If NETQPT=2 , 

NI= NE T( 1 ) < de fault= 1 ) , 

NJ= NET(2) {default^l), 

JINC= NET(3). 

Implied sequence : 

N1- J1 
IDIFF= J2-J1 
DO 200 J=1,NJ 
DO 100 1=1, NI 

N2 = Nl + IDIFF (except for closing element, when I=NI) 
Define element connecting N1,N2. 

100 N1=N2 

200 N1=J1 + 
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Two -node element network generators {continued). 



If NETOPT=3 , 

NI= NET{1), 

HNG= NET(2), 

NJ= NET(3) (default=l) 

JINC= NET(4). 

Implied sequence: 

N1=J1 

N2=J2 

DO 200 J=l, NJ 
DO 100 1=1, Ni 

Define element connecting Nl to N2 
lOG N2 = N2 + UNC 

Nl = J1 + JINC*J 
20Q N2 = J2 + JINC*J 


Examiple: 

J1 J2 Netopt m IINC NJ JlNC 

4 37 3 4 10 2 100 


1^7 
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Three ^ngde elernent network .generg^toJ?# * 

If Netopts 1 , 

NI= NET(l), 

NJ= NET(2) (defauit=l). 

Implied sequence: 

ENC= J2-J1 
JINC= J3-J2 
Nl= J1 
N2= J2 
N3= J3 
N4= j3-d:ng 
DO 200 J = l, NJ 
DO 100 1^1, m 

Define element connecting Nl, N2, N3 
Define element connecMng N3, N4, Nl 


Netopt Nl NJ 
13 2 


100 


200 


Nl = 
N2= 
N3= 
N4= 
Nl = 
N2= 
N3= 
N4= 


Nl + UNO 
N2 + liNC 
N3 + UNO 
N4 + UNO 
J1 + JING 
J2 + jINC 
J3 + JING 
N3 - HNG 


e: 

J1 

2 


J2 

3 


J3 

103 
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Three-node element network generators (continued). r ' ^ 


If NetoRt=2 . 

NI= NET(l), 

NJ= NET(2) {default^!), 

jmC= NET(3). 


Implied sequence: 


IlNe= J3-J2 
Nl* J1 
N2= J2 

DO 200 J=l, NJ 
DO 100 1=1, NI 
N3- N2 + 0NC 

Define element connecting N1,N2,N3 
100 N2=N3 


Nl= J1 + J’-JiNC 
200 N2= J2 + J^JINC 


Example: 

J1 J2 J3 Netopt NI NJ JINe 

2 5 7 2 6 2 30 



REPKODtIGl»aErY OF THE 
ORIGINAL PAGE IS POOR 



eld 


LIO 


I-*’ 




Three -node element network generators (continued). 


If Netopt-3t 

Nl= NET(l), 

Nj= NET(2) (defauit-l), 

JING= NEt(3). 

Implied sequence; 

HNC= J3^J2 
Nl- J1 
NZ= J2 

DO 200 J=l. NJ 

DO 100 i=l, NI 

N3=: N2 + HNC (except closure when I=NI) 

Define eluent connecting N1,N2, K3 

100 N2=N3 

Nl = J1 + J*JiNC 
200 N2 =: J2 + J*JmG 



jl J2 J3 

2 5 7 


Netopt 

3 


NX NJ Jmc 

6 2 30 
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Four-Hode element ne^ork geaerators . 
If Netopt=l , 


NI= NET(l), 

N J= NE T { 2 ) ( def ault= 1 ) . 

NK= NET{3) (default=:l), 
KINC= NET (4). 

Implied sequence : 


HNGt 

= J2 

-J1 


JINC 

= J4 

-J1 


DO 

300 

It 

NK 

N1 = 

J1 



DO 

200 

J = l, 

NJ 

DO 

100 

1=1, 

NI 

N2= 

N14HNC 



N3= N2+JINC 
N4= Nl+JINC 

Define element connecting N1,N2,N3,N4 
100 N1 Nl+UNC 
200 N1 = Jl+J"aiNC 
300 J1 -Jl+KINC 

Example * ; 


J1 

J2 

J3 

J4 

NETOPT 

NI 

NJ 

NK 

laNc 

2 

3 

23 

22 

1 

2 

3 

2 

200 

62 

63 


64 

262 

1 

163 

264 



42 


22 


(S) 

43 

— — 1 

• 44; 

(3) 

23 

(4) 

24 

tl) 

(2) 


242 

222 


243 

(12) 

(9) 223 

(ID) 

(7) 

(8) 


244 


224 


202 


203 


204 


Note: J3 must be present, although not used. 
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Four -node element network generators (continued). 


If Netopt=2 . 

NI^ NEf(l), 

NJ= NET (2) (defauit=l). 

Implied sequence: 

j 

UNG= J2-J1 
JING= J4-J1 
Nl= jl 
DO 200 J = 1,NJ 
DO 100 1=1, NI 

N2 = Nl + EENC 

N3 = N2 + JING (except closure when 1=^1^) 
N4 = Nl + JING (except closure when I=NI) 
Define element connecting Ni,N2,N3,N4 
100 Nl = Nl + nNG 
200 Nl = Jl + J'5'JINC 
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E - E-STAtE INITIATION 


Function. For each element in the structure there is an "element 
iniormation packet. " Dependitig u^n the particular type of element, 
each packet usually contains information in each of the following 
categories: 

U) General information such as the connected joint numbers, 
table reference integers, etc. 

(2) Material constaiits. 

(3) Geometrical data, e. g. dimensions, transformation 
matrices, etc, 

(4) Section property data. 

(5) intrinsiG sMffness matrix (or equivalent), 

(6) Intrinsic stress matrix (or equivalent). 

Processor E constructs these packets in skelet^ form (omitting the 
intrinsic stiffness, and stress data). Input to E consists of: 

• All TAB -produced data sets except for rigid mass data, 
constraint data, and the joint numbering sequence. 

• AU data sets produced by ELD. 

Output from E consists of two data sets for each element type present. 
Where Exx represents the element type (e. g. , E21, E22, - _ _ E3I, - 
E41, E42, etc.), the output data sets are 


3.3^1 


(1) Exx = all element information packets for element type 

Exx. 

(2) DIR Exx = an associated directory. 

In addition, a S YSVEG -format data set named DEM is produced. This data 
set is a system mass matrix In (lumped mass) diagonal form. DEM includes otily 
the mass associated with elements and any distributed nonstructural mass attached 
to elements. Only displacement-dependent terms are included (i.e,, rigid link 
offsets, if any, are ignored , and rotation-dependent terms are not included). 
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RESET Controls. 

Default 
Value 

i 
1 

001 
, 001 


. 0001 

X. 

Care Requirements . It is rarely neeeseary to allocate more than about 
2G, 000 words of working core space for execution of E. Requirements 
vary from problem to problem depen^ng upon the size of the TAB- 
gene rated tables. All of the geometry, material constant and distributed 
weight tables are held oontinuously in core during execution of E. As 
packets are formed for each successive element type, the associated 
section property table is loaded into core. In addition to the above, 
about 1000 words should be allowed for input of the basic element 
definition data sets from EED, plus 5000-10000 words to serve as an 
output buffer for the element information packets. 

Code Release Data. Level 9 (Umvae), July 1975, coded by W. D. Whetstone. 


Name 

BLIB 

ELIB 

LZERO 

WARF 

RGH 

G 


Meaming 

Liibrary containing all input data sets. 

Destination library for all output data sets. 

Used to detect identically zero lengths , 

Test for allowable warp of quadrilateral 
elements, such as E41, which are required 
to be flat. Warp is defined as Z/L, where Z 
is the distance from the fourth node to the 
plane of the first three nodes, and E is the 
distance between nodes 1 and 2. 

Where R is any 3x3 orthogonal trans- 
formaMon, terms of R^ must equal the 
identity matrix, within a tolerance of RGH. 

Gravitational constant used in constructing the 
system diagonal mass matrix, DEM. 
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3. 4 EKS - ELEMENT INTRINSIC STIFFNESS AND STRESS MATRIX 
GENERATOR 

FunGtion. Based on the dimensions , section properties , etc . , currently 
embedded in the element information packets originated by processor E, 
EKS computes intrinsic sMflness and stress matrices and insets them 
into the packets. 


RESET Controls. 


Default 


Name Value 

Meamng 


ELIB 1 Library containing the element information 

pacdtets. 


TIME 

0 

Nonzero value causes printout of intermediate 
CP and wall clock times. 

GAZERO 

10. -2® 

Zero -test parameter, 
modulus). 

(beam area) x (shear 

Cl ZERO 


Zero -test parameter, 

beam non-\uiiform 


torsion constant. 

Cere Requirements . EKS requires only a buffer area through which 
element information packets are transmitted. About 5000 -15000 
locations are usually suitable. tO counts will vary in inverse proportion 
to core space. 

Cede release data . Level 7 (Uni vac, CDG)> July 1974, routines 
QMBl, TM, TPB7, QMB5, QPBll coded by G, L. Yen, aU others 
coded by W. B. Whetstone. 
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Section 4 


SPAR-FORMAT SYSTEM MATRIX PROCESSORS 


Six processors are directly associated with the assembly^ factoring, 
and display of SPAR-format system matrices. They sure TOPO, K, M, KG, INV, 
and PS . Figure 4-1 illustrates the data exchange involved in execution of these 
processors. This figure should be carefiiUy analyzed before the remainder of this 
section is read. 


For a discussion of methods of combining system matrices (e.g. , K ^ Kg, 

K - CM. adding rl0d mass data to CEM or DEM, etc.), see the SUM subprocessor 
of AUS. 


Reference 1 presents a procedure for solving high-order systems 
of linear equations of the kind which, occur in displacement-method finite 
element analysis. The system stlffhess matrix is regarded as ah array 
of submatrices, each submatrix correspoziding to the conhection of one 
joint to another. Each submatrix is n by n, where n is the number of 
degrees of freedom at each joint. For general shells and frames, n = 6 
(three (^splacemehts, three rotations); for a plane frame, n = 3 (two 
displacements, one rotation} ; etc. The only nonzero submatrices in a 
system s^ffness matrix are those cor responding to pairs of joints con- 
nected by elements. Accordingly in all but the smallest ignite element 
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models only a Mny fraction of the submatrices are nonzero usually less 
than 1%. The characterizing feature of the procedure desctubed m ' 
Ref. i is that it operates exclusively with data contained in the nonzero sub- 
matrices, virtually eliminating the unessential arithmetic (multiplying, adding 
zeros) and wasted data storage (storing zeros) associated with conventional band 
matrix techniques . 


Originated in the early 1960's^ this method was first applied in a series 
of large capacity frame analyzers, and later in the SNAP series (e.g. , Ref. 2) 
of finite element network analyzers . SPAR uses essentially the same procedure, 
except for certain differences in the order in which certain of its phases are per- 
formed , SPAR users should become familiar with Ref. 1 , especially with regard 
to the effects of joint numbering sequence on execution costs and data storage 
requirements . 


References 

1. Whetstone, W. D., ’'Computer Aralysis of Large Linear Frames," 

J. Struct. Div., ASCE, Nov. 1969. 

2. Whetstone, W. D. , "Structural Network Analysis Program Users Manual, 
Static Analysis Version V70E, " LMSG^HREC D162812, Lockheed Missiles 
& Space Company, Inc., Dec. 1970. 
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TAB/COM 


[tab/jseq. 


Joint Eliminaiion 
Sequence, jSEQ 


Basic Elenoient 
Definitions 



Constraint Definition, 
CON noon 



Topological 
Array ANLAP 

Topological 
Array KMAP 




Estate* 


Factored System 
Stiffness Matrix, 
INV K neon 
(INV is also used to 
factor other SPAR- 
format matrices.) 


Assembled System 
Stiffness Matrix 
K SPAR 


Assemfaled System 
Consistent Mass 
Matrix, GEM SPAR 


Assembled System 
Initial Stress 
(Geometric) Stiffness 
Matrix. KG SPAIi 


^E-state contained in Eij EFIL data sets. 


Fig. 4-1 Assembly and Factoring of SPAR- Format System Matrices 
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4 . 1 TOPO - element topology analyzer 

Function. TOPO analyzes element inteFconnection topology and creates 
two data sets, KMAP and AMAP, KMAP is used by processors K, M 
and KG to guide assembly of system stiffness and mass matrices in the 
SPAR standard sparse -matrix format. AMAP is used by processor U4V 
in factoring system matrices. Input data sets are: 

• All basic element definition data sets generated by processor ELD. 
e JSEQ, the joint elimination sequence, generated 1^ TAB sub- 

processor JSEQ. If JSEQ is not present, serial elimination sequence: 
1.2.---, is assumed. 

RESET Controls 

Default 


Name 

Yalue 

Meanifl|^ 

BLIB 

1 

Library containing all input data sets 

HLiB 

1 

De sanation library for KMAP 

ILIB 

1 

Destination library for AMAP 

LRKMAP 

896 

KMAP block length 

lramap 

1792 

AMAP block length 

PRTKMAP 

0 

Nonzero value results in printout of 
topological data during generaMon of 
KMAP. 

PRTAMAP 

0 

Same as above for AMAP. 

MAXSUB 

1000 

Maximum allowable value of size index 

(see Ref, 1, See. 4). 
s 

ILMAX 

(none) 

Maximuzn joint connectivity to be permitted 


in allocatmg space for topological tables. 
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Core RequiremjEjnts ■ Core space requirements for TOPO are not 

easily defined because they depend on the number of nodes , element 
interconnection topologyi and the joint numbering sequence presGribed. 
The working core required is not often greater than 

3000 + E ^ J + 4 I^, where 

J - the number of joints, and 
1 - maximuTn joint connectivity. 

Gode_Release Data . I^evel 9, July 1975, coded by W. D. Whetstone. 
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4.2 K - THE SYSTEM STIFFNESS MATBlX ASSE^tEK 

Fuactioii. K assemble* unconstra^d system sliffitess matrices 
in the standard SPAR sparse-matrlx format* biput consists of the 
following: 

• The element mformation packets produced by processors E 
and EKS> 

• TopologiGal information contained in data set KMAP 
produced by processor TOPO. 


• Certain minor directory information generated by 
processors TAB and ELD. 


The output is a data set named K SPAR, the unconstrained system 
stiffness matrix. 


RES E T Controls 


Name 

BLIB 

E14B 


Default 

Value Meanmg 

1 Library containing TAB, ELD output. 

1 inbrary containi^ element information 

packets. 


HLXB 1 

OUTLIB 1 

LREC 2240 

SPDP 1 


Library contai^^ng data set KMAP, produced 
by TOPO. 

Destination library for output data. 

Block length of output data set. 

Value of 2 causes output to be generated In 
double precisfon* . 
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Core Hgqttlrementa. It is rarely neoeasary to allocate more tliao 10000 20000 

locattone. S^e is required to oonourrent^ acoommodate the following: 

e One blocl: of 131AP 
e One block of K SPAR 

e A core pool area In which intermediate reaults are held during 
assembly of the system matrix, ^ciflc requirements depend 
on element interconnection topology and the joint mimbering 
sequence. Required space will be equal to KSIZR (as printed 
by TOFO) multiplied by the square of the nuxnber of degrees of 
freedom per joint. 

Code-.Relea8e-Data . level 9^ July 19T5, coded fay W. p. Whetstone. 
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^ - SYSTEM CONS^TSNT MASS MATRIX ASSEMBLER 
Function. M asaemblies unconstrained system consistent mass matrices, 
considering only the structural and nonstructural distributed mass associated with 
the elements. Rigid link offsets are ignored by diis processor. The name of'the 
output data set Is C£M SPAR^ 

The SUM command in AUS can be used to add rigid mass data (e.g. , via 
TAbA^MASS) to C£M, if required. 

M requires the same input data sets as K, and has identical working core 
requirements. 


RESET Controls . Reset contFols are the same as for processor K, * plus the 
following: 


DefaidLt 
Name Value 


1 . 


IBEAM 


INERT 


Constant used to convert element distributed 
"woigbt'* to mass. For example; if distributed 
weights were given in Ibs/in and Ibs/in^, and , 
material speGific weights were given in Ibs/in^, 
one Would normally reset G = 386. , depending 
upon the planned use of CEM SPAR. 

Any nonzero value will cause all beam rotatory 
inertia terms » botli lateral and torsional, to 
be ignored. 

Any nonzero value results in assumption of 
linearly varying iateral displacement fields 
in Gsdculating mass matrices for all elements. 
That is, beams are treated as axial (bar) 
elements , shell elements are treated as 


(continued on next page) 


^Except that d6uble*^preci8ipn output is not Edlowed . 
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RESET Controls, continued 


Default 

Name Yi^ue Meaning 

membranes, etc. This often is an excellent 
approximation, and requires only a smaU 
fraction of the CP time used in the default 
mode. 


Code Roleaae Data. Level 7 (Univac, Cl!)C), July 1974, routines M33, M34, M63, 
and M64 coded by C. L. Yen, all others coded by W. D. Whetstone. 
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4. 4 KG - SYSTEM INITIAL STRESS (GEOMETRIC) STIFFNESS MATRIX 
ASSEMBLER 

Function. KG assembles unconstrained system initial-stress (geomet- 
ric) stiffness matrices » K f in the standard SPAR sparse matrix format. K_ 

B ' D 

will be based on the stress state currently embedded in the E-State (EU EFIL 
data sets), as computed by GSF. Rigid link offsets are ignored by KG. The out 
put data set is named KG SPAR. Required input data sets are the same as for 
processor K. Core requirements are the same as for K. 

RESET Controls . Reset controls are the same* as for processor K, plus the 
following: 


Default 


Name 

Value 

Meaning 

IKG2 

0 

Any nonaero value results in all beams being 
treated as though they were axial elements 
(bars) in computing 

IKG34 

0 

Any nonzero value results in all shell elements 
being treated as though they were membranes 
in computing Kg . 

I2ERO 

10. 

Zero-test parameter used to detect identically- 
zero beam moments of inertia. 

A Z ERO 

10.-“ 

Zero-test parameter used to detect identically- 
zero Cross-sectiomd areas Of beams . 

Code Release Data.. Level 7 (Dnivac, CDC), July 1974, routines GTM, 


GTP, GQP coded by G. L. Yen, all others coded by W. p. Whetstone. 


♦Except that double-precision output is not allowed. 


INV 






4.5 INV - SPAR FORMAT MATRIX DBCQMP0SIT20 N PROCESSOR 

^ f 

g\m_cjion» INV factors assamUed system matrices in t^e SPAR 
standard sparse matrix format, using a procedure essentiidly the same 
in principal as fhe one outlined in Ref. 1, Sec. 4. The following input 
data sets are required. 

• An unconstrained assembled system matrix, such as 
K SPAR. 

• A constraint definition, such as CON 1, pi ;idueed by the 
CON sub-processor of TAB. 

• Topological information contained in data set AMAP 
produced by processor TOPO. 

Output consists of a factored system matrix having the name XXXX n, 
where 

XXXX Si the first word of the name of the input Stiffness matrix, and 
n = an integer identifying the constraint case. 


For example, if K SPAR is factored usjhig constrMht case 1, the 
output is INV K 1, 

I 

RESET Controls 

Default 



Name 

Value 

Meaning 


KUB 

1 

liibrary containing input system matrix. 


KILIB 

1 

Destination library for INV output. 

w 
\._ . 

lUB 

f 

Dibrary containing topological data set AMAP, 
Default is die library containing the matrix to be 
factored. 
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uo 


Name 

Default 

Value 

Meaning 

K 

K 

First word in name of input data set. Typical 
BESET actions are K= K-flQG, K+KA, 

K= K^CM, etc. 

CON 

1 

Integer identifying the constraint case to be used. 
This data set must be resident in library 1. 

LTtA 

3584 

Ouput data set block length . 

D'ZERO 

.00001 

Zero-test parameter used to detect identically zero 
diagonal terms during factoring of the system 
matrix . 



Single precision matrices are feustored in sin^e precision. uses double 
precision arithmetic in f^toring double precision matrices , then trunoates the 


data set to single precision. 


Use the statement to obtiUn printout of joints/components 


where negative diagonal terms occur du^ng factoring* 


Core Reguirements . 

Where J 


“3 

m 


n 



the number of joints in the structure, 
block length of input matrix, 
block length of output matxix, 
block length of AMAP, 

1 if factoring in singLe precision, 2 if In double precision, 
number of degrees of freedom per joint (usually 3 , 4 , 5 


or 6) , and 

I = the size index (Bel. X Sec. 4) of the structure, the minimum 
core required is 

J + Lj + m (L^ + 1,2 I^) r 
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Univac 1X08 GPU Time Estimation. 


TOPG prints the value of the cost index (Ref. 1, Section 4), associated 
with the selected joint numbering sequence. Where n is the number of degrees of 
freedom per joint, the number of inner product operations performed by INV is 
approximately N = n x . The Univac -1108 time required to execute INV is 
C X N . Approximate values of C , in U-1108 cpu microBeconds, are tabulated 


below . 


Single Precision 
Execution 

n= 6 8.0 

n=3 10.4 


Double Precision 
Execution 

12.4 

15.3 


Code Release Data. Level 9 (Univac, CDG), Jidy 1975, coded by W. D. Whetstone. 
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PS - SPASl FORMAT MATRIX PRINTER 


Function. SPAR-format matrices and factored SPAR-format matrices 
are printed by this processor. The user is cautioned that factored matrices 
usually contain a very large amount of data and should not normally be printed. 
PS does not have special RESET controls. Its- activity is controlled by the 
following commands, which may appear any number of times within a single PS 
execution: 


Command 
Lib=- nlib 

Nl,N2,n3,n4 


Meaning 

Source data is in library nlib ^default = 1) . 
Print data for joints through 
Print data from the named data set . 


When printing factored matrices (produced by INY) , the ONLINE state- 
ment may be used to further restrict the amount of printout. Set ONLINE® 0 
to obtain only constraint and topological information. Set ONLINE^ -1 to obtain 
only constraint information. 

Core RequiTern-ents ■ Data space is required for one block of any data set printed. 
Code Release Data ‘ Level 9 , July 1975 , coded by W . D . Whetstone . 


Section 5 


uTiLrry progbams 


The foRo\^g utility programs are described iii this section: 

• AtlS — Arithmetic Utility System. This program performs an array 
of functions in the following areas; 

(1) Matrix arithmetic, 

(2) Construction » editing i and modification of data tables (e.g. , 
applied loading). 

(3) Operations related to substructure analysis. 

• DGU Data Complex Utiltty. The following are typical DGU 
functions. 

(1) Display of library tables of contents. 

(2) Data transfer (e.g, , library to library, sequential file to 
library . library to sequential Me) . 

(3) Enabling and disabling of data sets. 

(4) Changing data set names. 

(5) Printing data sets. 

(6) Storing/retrieving libraries on tape. 

• ypRT_‘^!LJtector _Printer . This program is used to edit and display 
any data sets in SYSVEC format (e.g., eigenvectors, static dis- 
placements, reactions, nodal load vectors). 
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5. 1 AUS - ARITHMETIC UTILITY SYSTEM 

Function. AUS 8ttb{n?ooefsors are aummarisad in Table 6-1 aceording to 
their fonetlonal categories. Detailed information about individual aubprooeasora 
is contained in the remainder of thia section. 

It ia rrandatory that LLhmry 1 contain the data aet JDFl produced 
as a reault of the START cormand in TAB. kc^ SYSVBC data aet or SFAR- 
foniat matrix operated on in AUS nuat oorreapcnd to t^ .HFl data aet 
present in Library I. This la true even if tdm data aet ia peasant in a 
Library otiier tiian library I. 


Reset Controls 



No special RESET coatpols i^e provided. 


Core Reguirements 


Specific core requirements are deRned for individual aubprocessors. 


Code Release Data 

Level 9 (UNIVAC), June 1975, coded by W. D. Whetstone. 


AUS 


Table St-I Suinmary of AUS SubproceaBors 


MiaceUaneoua 

General 

Arithmetic 

Data Set 
ConatructorB 

Subfltmotttre 

INUB 

SUM 

TABLE 

SSPREP 

OUTIIB 

PRODUCT 

SYSVEC 

SSM 

DEFINE 

UNION 

ELDATA 

SSK 

ZERO 

XTY 

ALPHA 

SSU) 

FIND 

XTYSYM 




XTYDIAG 

NORM 

rigid 

RRCIP 

SQUARE 

SQRT 

RPROD 

RTRAN 

RINV 


5 . 1^2 
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5. 1. 1 Miscellaneous AUS Commands 

The ibllowing statements designate the primary data source and destina- 
tion libraries , respectively: 

INLIB- Source library (default = 1) 

OUTLIB^ Destination library (default -1) 

The above statements may be used repeatedly during a single AUS execution , if 


different libraries are to be used. 


The DEFINE statement is provided to permit the use , in certain sub-^ 
processors , of single-word (alpha) names to identify specific data sets or portions 
of such sets. The most general statement form is as follows: 


DEFINE X= Lib N1 N2 tt3 n4 

The above statement means that the short-form name X (any alpha word) will refer 
to a data set , named Ni N2 n3 n4, contained in library Lib. For multtblook 


data sets, the optional parameters kj^ 
blocks through k^ . ^ ^ 


and k^ indicate that X consists only of 
, are omitted, X is the entire data set. 


The Lib parameter may be omitted; in which case the indicated data set is 
in the primary data source library established by the last INLIB statement. If the 
k j and k„ parameters are not needed , it is permissible to omit trailing words 
of the data set name , provided they are not needed for unique identification of the 
data set (1. e. , omitted trailing words are MASK-fiMed). 


5 V 

j 

' 4 .^ 
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As an example, suppose the data set VtSR MODE 10 1 contains 5 blocks, 
[Uj^, Ug, U^, Ugl, To identify ^3 ^4^ by the short-form name VA, the 
following statement would be used : 

DEFINE VA= VIBR MODE 10 1, 2,4$ 

It should be noted that the DEFINE Statement does not cause production of 
a data set. INLIB statements have no effect on definitions established in preceding 
DEFINE statements. For example: 

INLIB= 4: — : — — 

p- 

DEFINE Vt= VIBR MODE 7 

INLIB= 2 

MV7= PRODUCT (M , V7) 

in the last statement , V7 is understood as being in library 4 (not 2) , although 
M would be in library 2 , unless otherwise Indicated by a DEFINE 
statement. 




The following is permitted : 
DEFINE X= A 


DEFINE X= G D (supersedes preceding DEFINE X- A) 
A maximum of 50 distinct short form names may be DEFINEd . 



5. 1.1*2 



The command ZERO=e defines the current value of a zero-test parame- 
ter, e, that is used in connection with several functions* The default value of e is 

1.0x10”^°. 

The statement FIND Lib N1 N2 nS n4 is used > primarily iii interactive 
operation i to obtain a quick look at portions of library tables of contents. The 
resulting printout is similar to that produced by a DCU/TOG; however, all qualify- 
ing data sets in Lib are printed, if any parts of the data set name (N1 N2 n3 n4) 
are MASKed. Aiiy omitted trailing words of a data set name are MASK-filled; i. e. , 
FIND 1 X is equivalent to FIND I X MASK MASK MASK. For example , all SPAR- 
format matriGes in library 3 would be located by the statement FIND 3 MASK SPAR. 
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5. 1.2 General Arithmetic Operations 

Table 5. 1.2^1 summarizes commands in this category. All are in the follow- 
ing form . except where specifiGally noted otherwise. 

Z* Oper{ X^, Xg,— ) 

where Oper is one of the operation names, such as SUM, PRODUCT, etc., and the 
X.’s are short -form names identlfyii^ source data. K a short -form name X has 
not appeared in a DEFINE ... statement, it is assumed that X is a data set 
named X MASK MASK MASK that is contained in the current primary data source 
library identified by the last MUB statement. The e^<s are floating-point 
constants which may be omitted (default is 1, 0) . 

The data set produced as a result of the command wUl be stored in the 
current destination library designated by the last OUTLIB command. The name of 
the output data set will depend on the form of Z , as summarized below: 


For m of Z 

Output Data Set Name 

N1 

Ni AUS 

1 

1 

N1 N2 

Nl N2 

1 

1 

N1 N2 n3 

Ni N2 

n3 

1 

N1 N2 n3 n4 

Nl N2 

n3 

n4 
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In the following discussions of individual operations , it will be convenient to 
use the abbreviations listed below to identify specific types of data sets: 


Abbreviation Kind of Data get 


SS Single -precision SPAR format system matrix {e. g. 

K SPAR, formed by K in default mode). 

DS Double •‘^precision SPAR format system matrix (e.g. 

K SPAR, formed in double -precis ion mode). 

D Diagonal system matrix , e. g. the diagonal mass 

matrix produced by processor E. Such data sets 
are stored as single vectors in SYSVEC format; 
i.e. , D is a special case of V below. 

V System vectors in SYSVEG format, e.g. VIBR MODE 

3 2. 


R 


A 


Single block rectangular matrix , 


No. of rows = (M*NJ)/NJ 
No. of cols. = NJ 


See Sections 


2 . 2 , 


2.5 


Any single or multiblock data set containing all 
floating point data. 
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Table Suminary pf General Arithmetic Opeiationg 


Goromand Forma • 

Z= ^M(X,Y) 

Z= PRODUCT(X,Y) 

Z= UNION<Xj,X2,— ) 
Z= XTY(X,Y) 

Z= XTYS™(X,Y) 

Z= XtYX)iAG(X,Y) 

Z= NORM{X,j,k,v) 

Z= iaGID{j) 

Z= RECIP(X) 

Z= SQRT(X) 

Z= SQUARE (X) 

Z- RPROD{X,Y) 

Z= RTRAN(X) 

Z= RINV(X) 

Z= L-TOGCX) 


Meaning 

Z = X ■4- Y (system matrices) 

Z = X Y (system matrices) 

Z:? [XjlXglXg-^-l 

z =x‘y 

Z = xSr . symmetric 

Z = xhr> diagonal 

System vector renormallzallon 

Rigid body motion vectors 

Each element 2 = l./x 

Each element z = Sign(x),yji7 
2 

Each element z ^ x 

Z ^ X Y (rectangular matrices) 

Z ^ X^ (rectangular matrices) 

Z ^ X~^ (square matrices) 

GSon^rts system vector coDOponents &on 
local joint reference &ames to global^ 


Z= GEJL(X) 



AUS/ 

SUM 


5. 1. 2. 1 SUM. The general form of Uie command Jb as follows: 

Z* SUMfc X, Y) 

A y * 

This statement means that the output data set Z is c times X added to o times 

X ' y 

Y, If omitted* c and o default to 1.0. Only two data sets may be combined ; 1. e. 

* y 

in Z= SUM(P*Q *R) * R would be ignored. The t^e of Z depends on the type of X 
and Y, as shown below (dashes indicates illegal operation). 


Y type 




SS DS D A* 


SS 

SS DS SS - 


DS 

DS DS DS 

X type* 

D 

SS DS D ^ 


.A 

A 


Z type 


The followhig limitations must be observed ; 

(1) if X and Y are types SS or DS* they must have been formed on the 
basis of the same IQiiAF data set ^m processor TOPO. 

(2) A type D matrix must be based on the same number of system Joints as 
any D * SS* or DS data set with which it is combined. 

(3) Two type A data sets must have the same block leng^ (N1’*‘NJ) * and the 
same number of blocks. Eor example, 

DEilNE A= STAT DISP 1 1 4,5 (2 blocks} 

DEFINE B= STAT DI8P 2 1 9,10 (2 blocks) 

DEFINE C> STAT DISP 3 1 5,9 (5 blocks) 

Z«SUM(A,B)islegal 
SUM( A, G) is not legal 



K+KG= SUM(K, 4.7 KG) 
Ml=: SUM( RMASS, DEM) 

M2=SUM(GEM, RMASS) 
K24= SUM(K, -24000. M) 


$ystem 8ti££aes6 matrix including effects 
of prestress. 

Diagonal system matrix composed of rigid 
mass data plus the lumped-mass equivalent 
of all distributed element mass. 

SPAS'-format consistent mass matrix, plus 
rigtd-^mass data. 

Shifted stiffness matrix to be used in EIG 
to compute eigenvalues nem: 24, 000. 


Gore Bequirement. One block of X plus one block of Y . 
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PRODUCT 


4 . 

* 

5. 1.2.2 PRODUCT. The general form of the command Is as follows: 


Z= PRODUCT! X, G Y) 
X y 


This statement means that Z Is c times c 

X 

standard appUcationSj X is of type S, DS, 
the same number of blocks (Vectprs) as Y . 


^ times X post^multiplied by Y 
or D, and Y is of type V . Z 


. In 

Will have 


Example. Construct inertia force vectors due to rigid-body acceleration. The com- 
mand R= RIGID(j) would result In production of a 6-bloek data set containing system 
rigid-body motions in SYSVEC format. Where M is die system mass matrix, 

MR= PRODUCT! M,R) 

would produce a 6-block data set, in SYSVEC format, containing inertia force 
vectors due to unit rigid-body accelerations. 


In addition to the above, PROD can also be used to perform element-by- 
element multiplication of data sets, provided that X and Y have the same block 
length (Ni*NJ), and both contain only real data. Where ; 

X £ - the ith element in the first block of X, 

y „ == the ith element in the jth block of Y, and 
z.. - the ith element in the jth block of Z, 

y 

"ij 

Core. Requirement. One block each of X, Y, and Z. 


AUS/ 

UNION 


5. 1. 2. 3 UNION. The general form of the command is as follows : 


Z= UNION(Cj Xj, Cg Xg» Cg Xg, — ) 


This statement means that Z is formed by concatenating c^ 



If 


omitted, the c^'s default to 1,0. The only GonformabUity requirements are that 
(1) the block lengths of all ^*s be identical, and (2) the c^^'s must not be used 
if the Xj's are not real. It is permissible for the X^*s to be of integer or alpha 
type. Z= UNION! c^ X^) is permitted. 


Example. Collect eigenvectors from several data sets Into a single set. 


DEFINE Vl» VIBRMODE 1 1 1,7 
DEFINE V2^ ViBRMODE 2 1 3,5 
DE FINE V3= YEBR MODE 3 12,6 
UNION! VI, V2, V3) 


it should be noted that V contains 7 + 3 + 5^15 eigenvectors (blocks). 

Example. Form a new array of case titles from pmrts of several existuig arrays. 

» 

dehneti= case titles 1 

. DEFlENE T2= CASE TITLES 2 MASK 1,4 
DEFINE T3= CASE TITLES 3 MASK 
CASE TITLES 123 1= UNION! Ti, T2, T3) 

Core Reguirement. One block of Z. 


AUS/ 

XTY 

XTYSYM 

XtYDIAG 

5. 1.2.4 XTY, XTYSYM, XTYDIAG. The general form of the XTY Gommand is 


as follows: 


Z= XTY( X, Cy Y) 

This statement means that the output data set Z is times Cy times the trans- 
pose of X post-multiplied by Y. X and Y may contain any number of blocks. 
but only one column per block (e.g.. SYSVEC format). The block lengths of X and 
Y must be identical. Z will be a single block of length NI*NJ where NI and NJ 
are the number of Golumns in X arei Y, respectively. 

The operation XTYSYM may be used Instead of XTY if it is known in 
advance that X^Y is symmetric. The XTYSYM operation requires about half the 
execution time and I/O activity of XTY* If XTYSYM is used, X and Y must have 
the same number of blocks. Z is in a single block containing z^g, 

^ 23 ’ ^ 33 ’ 


The XTYDIAG command is in the same form as XTY, The output produced 
is a single block of length NT, where NI is the number of blocks In both X and Y . 
The 1th element of Z is times Cy times the vector inner product (x| y^), where 
= the ith column (block) of X, and = the ith column (block) of Y . 
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XTY 

XTYSYM 

XTYDIAG 


In the following examples, it has been assumed that the following short-form 
names have been established: 

K system stiffness matelx 
M = system mass matrix 
. U ^ an array of vectors in SYSVEC format 

Example, Form reduced system mass and stl'Shess matrices, U^MU and liHcu, 
respectively . 

PRODUCT! M. U) : UTMU« XTYSYM( U, MU) 

KU= PRODUCT! K, U): UTKU= XTYSYM! U. KU) 

Example. Where U contains vibrational eigenvectors not equally normalized, compute 
a vector of generalized mass terms, GM. 

MU= PRODUCT! M, U): GM= XTYDIAG! U, MU) 

Gore Requirement. Minimum of one block of X plus one block of Y. 
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5. 1. 2. 5 NORM. The general form of the command is as follows: 

Z= NORM< X, j. k, V) 

X must be in SYSVEC format; j and k must be integers; and v must be real. If 
the optional parameters j,k, and v are given, the ith vector (block) of Z will be 
where - the ith vector (block) of X, and c^ = v divided by the term of 
x^ corresponding to joint j, component k. 

If j,k, and v are omitted, c^ is the reciprocal of the largest (magnitude) 
term in x^. 

Example. Re- normalize a set of eigenvectors U so that the value of the direction-^2 
displacement at joint 420 is 1000. 

NEWU= NORM( U, 420, 2, 1000.) 

Example. Renormalize U to unit maximum values. 

UNIT= NORM(U) 

Core Requirement. One block of X. 


V 
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RIGID 

RBCIP 

SQRT 

SQUARE 

5. 1.2. 6 RIGID. The general form of the command is as follows: 

Z>= RICODO) 

Z will be in SYSVEC form, containing six vectors (blocks) that define rigid>body 
motion of the system. The Rrst three blocks correspond to unit translations in 
global directions I, 2, and 3. The Second toree blocks correspond to unit rotattons 
about axes parallel to the global frame, passing through joint j . If the Integer j 
is omitted, a default value of 1 is assumed. 

Gore Heauirement. 18 times the number of joints in the structure. 

5. 1.2. 7 BECIP. SQRTt SQUARE. These conunands apply to Single or multiblock 
data sets comprised entirely of real data, the output, Z, will be in foe same form 
(block length, number of words, etc. ) as the input, X. In the following definitions, 
z, and X mre the ith elements of Z and c X, respectively. 

a a X 

Z= HEGIPC c^X) indicates = 1.0/x^, 

Z= SQRT( c^X) indicates = (sign of x^) V |x j 

Z= SQUARE( indicates * 

The zero-test parameter established by the last ZERO= e Statement (see Section 
5. 1. 1) is used to avoid error stops in RECIP and SQRT. In these operations, 
z. = X. if the m^pltude of x^ IS leSs than e . 

Core Requirement. One block of X . 
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RPROD 

RTRAN 

RINV 

5. 1.2. 8 RPROD. RTRAN, RINV. Each of these commands applies only to single- ^ 

block real data sets, interpreted as ordinary rectangular matrices. The output, Z, 
will be a single-block real data set. In the following definitions, X and Y may be 
replaced by and c^Y, if desired. 

Z= RPROD (X ,Y) indicates XY. 

Z== RTRAN(X) indicates Z== X^. 

Z= RINV(X) indicates Z= X’^. 

The usual rules of conformability apply to RPROD, and arguments of RINV must be 
square. Following is a tabulation of error codes produced by the subprocessor which 
handles these operations. 

Code Error . 

1 X not rectangular 

2 X not real 

3 Y not real 

4 Y not rectangular 

5 X , y not conformable 

for multiplication (RPROD) 

6 X not square (RINV) 

Core Requirements . Data space requirements are as follows: 

• For RPROD , the sum of the number of words in X , Y . Z . 

• For RTRAN , twice the number of words in X. 

2 

• For RINV , n + n , where X Is n x n . 
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LTOG and 6TOL. 


the form of rhe LX06 eoomand Is: 


LTOG 

GTOL 


Z- LT06(X) 


The source data set, X, must be in SYSVEG format, the output, 
Z, will contain joint motion (or force ^moment) components 
relative to the global frame, the complementary operation is 
performed by GTOL: that is Z- Lt06(X) followed by Y"GTOL(Z) 
would produce a data set Y Identical to X. 


These commands may not be used if any joint motion components 
were excluded Via the START conmiand in TAB; that is, the SYSVEG 
vectors must contain 6 degrees of freedom per joint. 



f f 
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5,1.3 Data^^Set Constructors 


Several kinds of data sets may be generated or modified by the TABLE, SYSVEC, 
ELD AT A, and ALPHA subprocessors. Examples are summarized in the following 

tabulation: 


Subprocessor 

Kind of Data Set IhxMluced or J3nerated On 

TABLE 

TABLE, Examples: Nodal Pressures, tempera- 
tores, and TAB-produced tables. 

SYSVEC 

SYSVEC.* Examples: Svstem vectors of applied 
forces, motions, and eigenvectors. 

ELPATA 

ELDATA. * Examples: Element-applied load data, e. 
pFessures, temperatures, and dislocadons. 

ALPHA 

ALPHA.* Examples: Arrays of alpha character 
sMngS used as load case titles, or to describe 
eigenvectors. 


In the following, XXXXis any of the subprocessor names : TABLE, SYStiESC, ELBATA 

or ALPHA. To initiate producttOh of a new data set named N1 N2 n3 n4, the 
following language sequence is used: 

optional parameferS); N1 N2 n3 n4: data cards 

To initiate modiflGatlon (updattog) of an existing data set, the following language is 
used: 

XXXX, U( optional parameteFs) : Ni N2 n3 n4: -- data cards 


*See Section 2,5. 
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The output data set, N1 N2 n3 n4, is resident in the cui^ent data destina- 
tion library defined by the last OXITLIB Statement . If omitted, N2 , n3 , and n4 
assume default values of AUS , 1 , and 1 . 

The following characteristics of the Ojper, U (i^ate) mode of operation ^e 
noted; 

• The data set is actually overwritten in mass data storage, rather tiian 
modified and stored in a new area. 

• Eidsting data sets must not be extended (1. e . , additional blocks cannot be 
appended in this mode of operation). 

The following example input indicates a typical application of a data set constructor. 

In this case SYSVEC Is used to create a data set, named APFiL FORG 88, comprised 
of two blocks. The first block defines load case 1 of static load set 88; and the second 
block defines case 2 of set 88. 

(^XQT AUS 
SYSVEG$ 

APPLIED FORCES 88$ 

CASE 1$ 

1= 2, 3$ 

J- 7,9$ 

7.2 7.3$ 

8.2 8.3$ 

9.2 9.3$ 

CASE 2$ 

1=1: j=10: 14.6$ 

I= 3i J= 7; 19.2$ 


Enter SYSVEG 
Name of output data Set. 

Direction 2 and 3 forces. 
List of joint numbers. 
f 2 , % at joint 7. 

" " 8 . 

" » 9, 

f at joint 10. 
i 3 at joint 7. 


5. 1,3-2 







Many examples of SYSVEC, etc . , input are given in Section 6. It is suggested 
that these examples be scanned briefly before reading Sections 5. 1.3. 1-^. 


Because of the central role played -by the data set constructors, it is strongly 
recommended that new users perform a series of test executions of them, using 
DCU/PRINT and/or VPRT to verify that the intended results are achieved. 


the TRAN sub<»aotivify of TABLE provides a very general method of trans^ 
mlttiiig information from one data set to another. New users should not attempt 


to use TRAN without advice from an experienaed analyst. 


AUS/ 

TAB1.£ 


5. 1.3. 1 TABLE. Execution begina ad indicated below. H appropiiate, any of the 


underlined words may be omitted. 


TABLE, U(NI? nt. NJi? :n1) ; N1 N2 n3_n4 ; —data — 


The optional parameters N1 and NJ have the same meaning as defined in 
lection 2.5; i.e., each block of the output data set Is a rectangvUar matrix of dlmen 
Sion (ni , nj) . The default value of ni is 1 , and the default value of nj is the 
number of joints in the st^cture. The liynit defining the nth block of die ou^t 
data set has the following structure: 

BLOCK n 

operation = SUM $ or XSUM, or MULTIPLY, or DIVIDE 


jj: ig; jg: $, a list of cokunifts. * 

e?" ef ef - - - e^ $ Data record 1, applies to column j. 

h h 


ef ef $ Data record 2, applies to column j 

% 2 ^2 ^2 


etc. 


^Loop-^Umit format is also permitted (see Section 2.3). 
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TABLE 


If there are fewer data records of the latter type than there are j *s in the 
list of columns, the last record will be associalted widi each of the remaining . 
The meaning of the ej’ s depends upon current arithmetic mode, as established by 
the OPERATION = X^QCX statement. In the following, xj is the element in row i 
and column j of block n of the output data set. The range of 1 is 1, 2, - - - ni, 
and the range of j is j j * i 2 » . 


Operation 

SUM 

XSUM 


MULTIPLY 


DIVIDE 


Arithmetic mode 
.1 






X* - e‘ 

*1 ®i 

x’ -x‘e* 

Xj Xj6^ 

X* - xVe‘ 

Xj Xj/ej 


The Sequence (OPERATION=XXX List of j ’s data records for 

each j in the list) may be repeated as many times as necessary to produce the desired 
data in block n . 


The OPERATION statement conttnues in effect > not only for the current block 
but for all subsequent blocks as Well , untR another OPERATION statement supersedes 
it. The default OPERATION is SUM. 
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The foUow^g control statement is frequently usefttlt 


I* « !***■ $ (each between 1 and ni) 


This statement indicates that the data records will have the following content: 


For example; 


ll *m 

®r ®i "" ^ • 


BLOCK n; etc. : $ 


I- 3,5; J=^ 7,9$ 


3 5 3 5 3 5^ 

«7’®T= W V®9* 


i=l; J=lOi e 


10 


j 2 

The 1= i , i — ^ statement continues m effect, not only for the current 

i 2 

Mock but for all subsequent blocks as weU, until another i , i — - statement is 
encountered. Default is, in effect, 


1= 1,2, — ^ ni. 


r^. 

e 

feSi*'’ 
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The following statement may immediately precede a list of } 'a ; 


DDATA= d^,dg, — d^$ 


When data records are being duplicated, die DDATA command has the effect 
of incrementing each item in the data record by the corresponding d^ . The DDATA 
statement will apply only to the j^llst immediately following the statement. 


Example: 


I- 1, 3: DDATA= .2, .1: 2, 5: 7., 8.1 


The foregoing statement produces the same residt as; 


1= 1,3 ; J== 2,5$ 


7.0, 8.0 


1 ^3 
® 2 ’ 


7.2, 8.1 


~ ®3*®3 


7.4, 8.2 


1 3 

- 


7.6, 8.3 


1 3 
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To cause an integer conBUnt, Jahlftt to be added to each J la eubaequent 
lists of I'B, the following comnuuid is used: JWFT<* jfehtft. The j shift parameter 
will remain in effect until superseded by another JSHIFT cominajid. 


Rules for ordering control and input statementsi 

e No statement may precede the first BLOCK!* n statement 
{Exception: if operation Is confined to block 1, the BLOCK- 1 
statement may be omitted). 

e When the BLOCKS n statement appears, block n - 1 must alreai^ 
exist. 

e No control card of any Idnd (OPEHATION= — ^ , 1= , JSIin'T* , 

or BOATA= ---) may iqppear anja4lere between the beginning of a 
J-^Ust and the end of the subsequent data records ^the 

Synonyms. K desired, the control word CASE may be used instead of BLOCK 
and JOINT instead of J . 

Multiple data records on a single card . . In the preceding, it has been 

indicated that each data record should contain eocactly ni words, or m words If the 
1 2 m 

statement I = i , i 1 is used. It is also permitted to place Several such 
complete data records on the same card; i.e. , both of the following are legal cards 
and have the Same effect: 

1.2, 2.9: 4.5, 2.7: 3.2, 9.$ 

1.2, 2.9, 4.5, 2.7, 3.2, 9.$ 

An error stop will occur if a card does not contain complete records. 
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The TRANSFER Statement. This commaiiri provides a general method of 
extracting real.dafa from designated areas of one data set, and adding them to data in 
designated areas of another data set. TRANSFER statements may appear as the first 
or last statement in a TABLE execution, or immediately prior to asiy BLOCK state- 
ment. The command form is as follows; 


TRANSFER( List of arguments Pj ^ ^2 » 

Any or ^ of the arguments summarized in the following table may be used. 


Argument Default 

Name Value Me§ntog 


SOtJECE None Name (a single alpha word) of the source 

data set. May be established by a 
DEFINE statement. 

LI 1 Successive blocks of the source data set 

are added to blocks LI , LI -f 1 , L2 
of the destination data set unlesB Ll»L2. 

L2 1 

IL^ Lesser of bg> See Fig. 5. 1.3. 1-1 

JLIM 1 

SSKiP 0 

DSKIP . 0 

SBASE 0 

DBASE 0 


The TABLE/operatipn statement has no meaning In TRANSFER. 
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Figure 5. 1. 3. 1-1 illustrates tbe function of the TRANSFER statement fbr the 
case in which tbe number of blodcs in the source data set is equal to the number of 
blocks in the destination data set (i.e. , L2-L141), 

If Ll= L2, the function is similar, except that successive blocks of the SoUrce 
data set are transmitted to successive areas widiin block LI of the destination data set. 

The following are a few examples of the TRANSFER statement. 


@XQT AUS 

DEFINE OLDV= 2 VIBR MODE 200 1 1, 10 $ 

TABLE(NI=6, NJ=1700); VIBR MODE 11 $ 

TRANSFER! SOURCE^ OLDV, 11=1, L2=10) $ 


Salvage vibrational modes 
from a previous analysis for 
use as Initial approximations 
of modes of a m^fled struc- 
ture having addifionBl joints. 


DEFINE U7= STAT DISP 117 $ 

TABLE(NI=3, NJ=400): DEFORMED POSITION $ 
TRANSFER! SOURCE^ JLOC) $ 

TRAN!SOUilCE*U7, iLlM=3, JLIM^OO, SSK^»3) $ 


Store node point locations of 
the deformed structure in 
BEFO post. 

JLOC= original position. 

U7= Joint motion due to static 
load case 7 of set 1. 


DEFINE X= VIBR MODE 12 18 | 

TABLE! NI=3Q, NJ^8): f MODE 12 | 

TRANSFER! SOURCE^X, SBASE=600, ILIM=30) $ 


Fonn a single-block matrix havii% 
8 columns, each column corres- 
ponding to a mode. Each column 
contains all 6 motion components 
of joints 101-105. 
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5. 1.3.2 SYSVEC. SYSVEG !■ vied opielfioiUsr for eiMttDg and modifying data aeta 
in SYSVEG format. <See Section 2.5.) SYSVEG la eatarad aa follonni: 


SYSVEG; N1.N2, n3, n4$. 


SYSVEG. E: N1.N2, n4 | 


Ibpat rules are Identical to those of TABLE, except for the meaning of the 
command, I=» 


Ic It 

I t in SYSVEG, i 1, 2, or 3 always indicates a direction- 1 displacement or force 

— k k 

component; i = 4, 5, 6 indicates a rotation or moment about axis i -3. This is true, 

regardless of whether or not any joint degrees of foeedom have been excluded via the 

START card in TAB. 

If mitber of degrees of freedom per joint Is less tiian 6, thmi 
X 2 ni 

rhe I- i, i, — I oonnand oust precede fiamt 


ij 
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S. 1.3.3 elUATA. This subproceasor is used to craata and/or modify data in 
ELDATA form, as defined in Seotion 2. 5. The ELDATA form is usikl to represent 
structural element temperatures, pressures, etc. To create a new data set named 
Nl N2 n3 n4, ELDATA is entered as foUowi : 

ELDATA: Nl, N2, n3 $ 

CASE n4 9 

OPERATION^ SUMI, or XSUM, etc., as in TABLE. 

Data cards establishing a list of structural elements. 

Data record applying to 1st element In list. 

Data record applying to 2nd element in list. 

Etc. 


The above input sequence is identioal to that of TABLE, except that: 

m Instead of a list of columns (1-list), a list of structimal elements is gdven 
in a form which will be defined subsequently. 

• The fourth word of the output data set name, n4, is given in the 
CASE statement. In ELDATA, each separate CASE statement refers 
to a distinct data set whereas in TABLE the CASE statement refers 
to different blocks within file same data Set. 
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The language used to establish lists of structural elements is as folloim*. 


gj: gg: %: ^ng ♦ “ a list* of groims. 

E- e,; e„: e«; ^ ~ a list* of element Indexes, 

1 « S QB 


Where (g. e^) indicates group i , element index j , the above indicates a list of struc- 
tural elements in &e following 


(81*1). teiV* V2‘* **“ Vne>* '*’• 


if the -rr ^statement is Omitted, the index Hat defaults to aH. elements . in 
ojder. in each of theJpdtcated_grQUDS, The G* --- statement is mandatory and, 
if omitted, will cause an error teimtnatlon. 

The 1= and DDATA- - statements may be used in ELDATA , 
subject to the same rules of order, etc, , as in TABLE, 

N2, the seGcnd nane of the data set, nsist be a legal element rusoe (e.g 
E21, £22, etc.) . Ihe first name nust be one of seveaml specific nases (e.g. , 
TEMP, PREl^, etc. ) described elsewhere in Uiis reference manuai, in connection 
with the end use of the data Set. ELBATA Will automatically establish the correct 
value of ni., the number of data words per Golumn (1. e. , per stniotural 
element). 

*Loop'r limit format also permitted (see Section 2. 3). 
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Any number of CASE statements are permitted wftliin one ELDATA 
execution. 

If existing data sets are to be modi£ted» ent^ begins with the statement 
ELDATA, U: N1 N2 n3 . 

To cause an Integer, gshlft, to be added to each group number In subse- 
quent Usts of groiQ>s, the command GSHIFT= gshlft Is used. Element indexes are 
similarly shifted by eshift as a result of the statement ESIOfT^ eshlft. 
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5, 1. 3.4 ALPHA, To define a new data set or to modify an existing one (via the 
optional, U), ALPHA Is entered as follows: 

ALPHA, U; Nl, N2, n3, n4 $ 

Each subsequent input record is in the following form: 

— . 60-charaeter alphanumeric string 

which defines the mth block of the data set. When producing a new data set, the 
blocks must be defined in serial order. 
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5.1.4 Substr ue ture Ope rations 


The following AUS eommands are associated with substructure analysis. 


SSIP= Ssid 

SSPREP( Kname , neon) 

SSM{ Mname) 

SSK( Kname) 

The effect of the SSliD command is to establish an alphanumeric identifier , Ssid (default 
is SSOl) , which will appear as the second word of the name of all data sets produced by 
the substructure subprocessors, SSPREP, SSM, and SSK, as summarized on Figure 
5. 1.4^1 and Table 5. 1.4^1. The data sets produced by these subproeessors may be used 
in many ways. In the present discussion no attempt will be made to address details of 
possible end uses (e.g. , vibrational, buckling analysis) of the output. 

The terms and sj'mbols used in Figure 5. 1.4^1 and Table 5. 1, 4-1 are defined 
as follows. 


Boundary nodes are any subset of joints , (j^^ > ^ 2 » ” ~ ' f®!* which all motion 

components are declared to be NONZERO in constraint case neon. Boundary node 1 is 
joint jj^ , boundary node 2 is joint jg, . . . , where j^^ < jg < 13 • • • < jjj • 


Boundary node \mit mptMn functions are in SYSVEC format. In the following , 

m= the number of degrees of freedom per node , 
n= the number of boundaiy nodes , and 

motion component i of boundary node k. 

5, 1.4-1 
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There are mn such functions , each of which is a static displacement solution due 
to a unit value of one , with all other boundary node motions identically equal 
to zero. 

Fixed -boundary functions are any sequence of vectors of joint motions for 
which all motion components of all boundary nodes are identically equal to zero. 

Such functions are usually eigenvectors computed by EIG and/or static displacements 
computed by SSOL. In the latter category, uniform acceleration functions (i.e. , 
static displacement fields due to uniform acceleration of the structure) are often use- 
ful in dynamic analysis. Fixed boundary functions (if any) must reside in a data 
set named FEF Ssid, created by the analyst via AUS/UNION. 

M and K are mass and stiffness matrices of the (sub) structure, identified 
by the Mname and f^ame arguments of SSM and ^K. Mname and Kname are the 
first words of the names of the data sets containing M and K. K must be in SPAR 
format. M may be diagonal , or in SPAR format. 

All input and output data sets associated with AXIS substructure opera- 
tions should reside in library 1. The DEFME, MLIB, and OUTLIB statements 
should not be used in any AUS execution in which these operations are performed. 
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1 

2 

3 


1 

2 


Figure 5, 1. 4-1 Information Flow, SSPREP, SSM, and SSK. 
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Table 5 . 1. 4-1; Data Sets Associated With Substructure -Related Functions 


Data Set Name 



NWORDS 

NJ 

NI«NJ 

Contents 

BN 

SSld^^^ 

— 


n 

1 


List of boundary nodes. 

BNPC 

Ssid 

— 

— 

3n 

n 

3n 

Boundary node position 








coordinates. 

BNQ 

Ssid 



9n 

n 

9n 

Boundary node reference 








frame orientations. 

BNF 

Ssid 

— 

— 


j(3) 

,(4) 

X, a matrix of boundary 








node unit motion functionB. 

fef 

Ssid 


— 

1 * ny^®^ 

i 

i 

y, a matrix of fixed-^ 








boundary functions. 

SSMK 

Ssid 

1 

1 


1 

m 

X^MX 

SSMK 

Ssid 

1 

2 

nyV / 

1 


Y^^MY 

SShlK 

Ssid 

1 

3 

dx -ny 

ny 

nx* ny 

X^MY 

SSMK 

Said 

2 

1 

nx 

1 


X^KX 

SSMK 

Ssid 

2 

2 

ny 

1 


Y^KY 


(1) Ssid^ BubstruGture identifier attached via the SSt0= Ssid comx^nd. 

(2) n= the number of boundary nodes. 

(3) j= the number of nodes (joints) in the (sub) structure. 

(4) £= j ‘ m, where 

the number of de^eeS of freedom per node» usually 6. 

(5) nx= n ' m= the number of boundary node motion functions . 

(6) ny= the number of fhled-boandary funetiohs. 

(7) nx • (nx * I)/2. Symmetric array, triangular form. 

(8) ny-(ny+l)/2. Symmetric array, triangular form. 
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DGU - DATA COMPLEX UTILITY PROGRAM 

Functipn DCU performs an array of utiKfy functions, as subsequently 
defined in this section. New users should review Sections 2.2 and 2.5 before reading 
this section. 


In defining DCU command syntax, the symbol Lib will be used repeatedly 
to represent a SPAR library internal designation (1, 2, etc.), and will identify 
one or more data sets , M may be in any of the three forms indicated below, unless 
specifically stated otherwise: 

(1) The four-w^ord data set name, MASK- filled. 

Example; K SPAR is the same as 

K SPAR MASK MASK. 

(2) An integer, n, indieatiiig fiie data set associated with 
s equence number n in the table of eontents . 

13) integers n, m, indiGating fm-n + 1) data sets associated 
with sequehCe numbers n, n+1, - - - m. 

(4) Omitted - meaning all data sets in a library. 

Consider as an example, the most Gommonly eiceeuted command, 
TOC Lib Id. 


• TOC I K SPAR$ Id form (1) causes a single line of the 

Table of Contents of library 1 to be printed, i. e. the line 


DGU 


corresponding to the first data set named K SPAR MASK. 

MASK to be located. 

• TOC 1 27 $ Id form (2) causes printout of line 27 of the 

Table of Contents of library 1 , 

0 TOC 1 32,50$ Id form (3) causes printout of lines 32 through 

50 of the Table of Contents of library 1. 

• TOG I $ id form (4) causes the entire Table of Contents of 
library I to be printed. 

Other commands currently available in DGU are summarized below: 

• DISABLE JL>ib Id$ . Data set(s) are marked as disabled. 

The data set(s) are sM31 present in the library, but cannot 

be aecessed un#l they are re-enabled via the following command: 

• ENAB^L Lib , Id $ . Only forms (2) or (3), of Id are allowed 
for this command. 
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• PBINT Lib Id$ > or 


PRINT Lib N1 , N2 , n3 , n4 , j ^ , i . The one or more 

identified data sets are printed in tabular form'*'. Only matriX'-forin data 
sets <e.g., TABLE, SYSVEC, ELDATA, and ALPHA forms, as defined 
in Section 2 . 5) should be PRlNTed . If the second form is used , the 


printout will be restricted to columns j j throu^ , rows (items) 
through Ig, for successive blocks b^^ , fa ^ + 1 — bg . Using the 
terminology of Section 2.5, default parameters are = i , J 2 ~ 
i j = i , ig " NI , b j = 1 , bg = total number of blocks in the data set . 


NOTE 

PRINT displays data set items sequentially, 
so that matrices appem? in transposed 
form. 


Data produced by processors E, EKS, TOPO, K , M, KG, and INV 
should not normally be named in a PRl^T command. 


COPY Lib.j , ' Copy the indicated data sets from Lib^ 

to Libg . Disabled data sets are not copied. This is the recommended 
method of packing libraries . 


• XGOPY Libj^, n, Id$ . The indicated data set (In Lib) is written on 
ordinaiy sequential file n In a sequence of physical records identical 
to individual Mocks of the data set as It resides in Lib , As an example, 

* An auxiliaiY command, NCPL= n, controls ijie number of columns 
per printed line. De&ult NGPTi= 10, For teletype display, select 
NCPL= 5. 
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XCOFV 1, 5, VIBR MODE$ oauses e^nvectors to be written onto 
a fUe known extemaUy as SPAR-E (UNIVAC) or SPARLE <CDC) , 
Gori^sponding to n = 5 • The output fUe will contain one physical 
record for each eigenvector* 

• XLQAD n . Lib , nwords . nl . ninl . type . Nl . N2 . n3 . n4$. TTiis 
command causes data from sequential file n to be loaded as a data set 
named Nl , N2 , nS , n4 in lib . Tbe other parameters have the 
same meaning as defined in Section 2.2. As an example, suppose a 
sequential file, SPAR-D , contains five blocks (physical records 
produced by direct binary writes, not unformatted Fortran writes) 

of real data and that each block is a matrix with 6 rows and 100 columns. 

To load these data into libraiy 1 as a data set named XX YY 1 2 , 
the following command would be used; 

XLOAp 4,1, 3000, 100, 600, -1, XX YY 1 2$ 

• REWIND n $ . Used in eonjuncidon with XGOPY, XM)Ap , this com^ 
mand causes sequential file n tobe rewound (l.e., set to starting 
point) . It should be noted that neither XCOPY nor XLOAD rewindB 
sequential files either before or after the data transmiBsion, so that 
one sequential file may contain mahy midtlblook data sets . 

• SCALE Cj^, Ggl, This command may precede a COPY or XCOPY command. 
If it does, the output data sets will ?=* G^ (source) + Gg. 
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CHANGE Eib Id ... Id This eoxnrhand causes the 

old new 

name of data set to be changed from to • Only 

the full 4«word name form is permitted for both ld*s. 


• duplicate Lib J, Lib 2 $. Lib 2 is 


created identical to 


existing Lib^. including disabled data sets, if any. 


• TWRITE Lib$ , Lib is written onto tape nt (see NT APE 
command). The complete library is written in physical 
records as large as the available core will allow. 

• TREAD Lib$ . Lib is read from tape iit (see NT APE command). 
Available workmg core space must be as large as it was when 
the TWRITE was executed* 


• NTAPE= nt$. The internal unit number of the tape to be 

used in the next TWRITE or TRJEAD command is nt 
{default=20). Note that logical 20 is Univac file SPAR-T, 
CDG file SPARLT. 

• STORE Lib, ID$. Lib is stored as a datp set named Id, 

in library nX (see LlBLlB coitimand). Id may only be a full 
4 -word name, the first two words of which are typeless. 
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• RETHS^VE Lib, Id$ . The data set Id Is recovered from the 
library ni and constituted as library Ldb. 

• LIBL1B= The internal umt number of the library 

library is n£ (default=lZ). Note that logical 12 is Univac 
file SPAR-L. CDG file SPAREL. 

• TITLE Llb^ - - . Alphanumeric title for Ljib - - - 
The label -field title is embedded in Lib, and will be 
displayed at the beginmng of each table of contents 
printout produced by a TOC conunand. 

• STATUS Lib$ . The number of library entries and the 
currenl: I/O counts for Lib are printed. 

• ABORT tt$ . To cause an error 'irabort if an abnormal 
event occurs in OCU, set ABORT=l$. 

Core Requireme^nts . Working core must be sufficient to accommodate one block 
of each data set transmitted through core (e.g. via COPY, XCOPY, etc.). See 
also the discussion of TWRITE and TREAD. 

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone. 
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5 . 3 VPRT - VECTOR PRINTER 


Fimction. VPRT is used to edit and display information in SYSVEC format 
(see Section 2.5), such as static displacements, buckling and vibrational eigenvectors, 
reactions, equivalent nodal loading, etc. 


The name convention associated with data sets in SYSVEC format is usually 


as follows (name - N1 , N2 , n3 , n4 ) : 

N2 , N2= descriptive nsunes such as VIBR MODE, STAT DISP, 

APPL FORG, etc. 

n3= identifies the data set as associated with static solution set 

n3 , or eigenvector set n3 , etc. 

n4= associated constraint case (If any). 


The following command will cause data set N1 N2 n3 n4 to be printed 
(N2 , n3 , n4 MASK -filled, if omitted). 

PRINT N1 N2 n3 n4* optional heading (60 charaGters) 

If the optional heading is omitted, VPRT will supply appropriate headings for data 
sets bearing standard names . 

If the data source library also contadns an ALPHA-format data set named 
CASE TITLES n3 (the same n3 as the SYSVEC data set), case titles will be displayed 
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beneath the heading line if the comrawd TPRDTT is used instead of PR^T . Hie 
usual applications of case titles are (1) to describe individual cases within a set of 
static loads, and (2) to describe individual eigenvectors. 


If there is a constraint case’^ associated vdth the SYSVEC data set, each con^ 


strained component will be flagged with an asterisk. 


If eigenvalues are associated with the data set, they will be displayed. 


The following control statements may app ‘ any number of times during a 
VPRT execution. Each continues in effect until superseded 1^ another command of the 
same kind. 


Control 

Statement Meaning 


LIB= m Library in contains the data to be printed, 

pefavRt Lib = 1 . 

VECTORS V , v„ Print only vectors (blocks) v, through v„ , 

Default is all vectors . 

JOBsiTS : jo J Jo J — ** Print data only for joints j, , ]« , jq • — . 

- ^ ^ Default is all joints . i 4 if 

COMPONlNfS^ L, in, — Display only components ii*l 2 » =~,v/here 

- each I Is between 1 and 6 . 

De^ult is aM components. 


♦Contained in CON bbbb n4, residing in library 1. 

♦♦Doop-liniit format, i. e. , p, inc, also permitted (see Section 2. 3). Up to 300 
input records are allowed. 
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^ Control 

Statement (Cont . ) 

FILTER^ Cg Cg. 
FORMAT= k 

UNiES=^ n 
HEADMG= m 


Meaning (Cont.) 

Data for a given joint will be printed only if 
the absolute value of some component, 
exceeds e. . All six ej's must be 
given for this command to be valid . 

Default Ci 1. X for all six components. 

Values of k from 1 to 4 select, in order, 
one of the following Fortran print formats: 

E9.3, F9.5, F9,l, E15.7 . 

Only the first three are suitable for 72- 
character teletype output. 

Default FORMAT = 1. 

Print n lines per page. 

Default LINES ^ 50 . 

Any non-zero value causes headinj^ to be 
repeated at the top of each page . 

Default HEADINO = 0 , 


/ Synonyms. In the preceding Gommands , J may be used instead of JOINTS, 

and I instead of COMPONENTS . 

Gore Reouirements . Data space must be sufficient to contain one block of any 

* 

data set to be printed . 

Restrictions,. Data sets printed by VPRT must correspond to the TAB/ST ART 
information (no, of joints, etc.) In data set JDFl, contained in Librai^ 1. 

Data sets should not contain more than 300 vectors. 

Examples, Several examples of VPRT output are appended to this section. 
C_e_de_R.el_ease Date. Level 9, Jidy 1975, coded by W. D. Whetstone. 
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STATIC f^ISPLACF “tiNJTS, 

1?0u KIP SflEAp tOAD, rijH^ 



1 

2 

1 

U0-na 

I*. 

• 12.1+ 0 0 

2 

•571-01 

* lus+oo 

3 

• 163+0 0 

.452.* 01 

4 

• 163+00 

-.452-01 

5 

•571-01 

-.1 05+00 

o 

• 1 47-ou 

125+00 

7 

-•371-01 

"•105+00 

8 

-.163+00 

• .452-0 1 

0 

Ibiton 

.4 52,. 01 

1 1) 

-.57l#01 

. 1 05*00 

1 1 

• 147-05 

.649-01 

12 

* 347-0 1 

. 541-0 1 

13 

• 66 7 - 0 1 

• 2 1 6 - 0 1 

la 

• 66/ - 0 1 

"•216-01 

is 

• 346-0 t 

•.s«a-o 1 

16 

- • 1 55- OS 

— . 649—0 1 

17 
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•• 758-03 

3o 

,234-01 

•,833*03 

••189-02 

3l 

• 000 « 

• 000 * 

• 000 

32 

, 000 • 

• 0 0 0 a 

• 000 

33 

,000 a 

• 000 * 

•OOO 

34 

,0 00 a 

• 000 a 

,000 

35 

. 000 a 

• 0 (^0 a 

• OOO 

3& 

• 000 a 

• 000 * 

• 000 

37 

• 0 00 a 

• OUO a 

• OOU 

38 

,000 a 

• 000 a 

• 000 

39 

, 000 a 

• 0 0 0 a 

■ 000 

40 

• 000 a 

• 000 * 

• 000 
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Section 6 


STATIC SOLUTIONS 

As illustrated in Fig. 6^1 , the normal execution sequence for static 
solutions is as follows; 

e Subprocessors of AUS are used to form tables of applied loading 
data in ai^ or all of the foUowii^ categories: 

(1) Point forces and moments actirig on joints. 

(2) Directly Specified joint motion components . 

(3) Inertial loading. 

(4) Nodal (joint) temperatures . 

(5) Nodal (joint) pressirres. 

(6) Thermal loading defined for Individual structimal elements . 
Transverse temperature gradients are permitted in beam 
elements , 

(7) Dislocatlonal (Initial mismatch) loading, defined for individual 
elements . 

(8) Pressure loading defined for individual elements . 

• if any of the last five of the above types of loading are present, 
£QNF is executed to compute the corresponding equivalent nodal 
(joint) loading, and to determine initial Strains subsequently 
needed for stress computation. 

• SSOL is executed to compute static displacements and reactions . 

• GSF is executed to compute stresses . 

• PSF is executed to print stresses . 

0 VPPT is executed to print displacements and reactions , 
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The foHowing terminology be used In explaining the data seta in- 
volved in the static solution process. Static loadings are arranged In sets . There 
may be any number of sets, and each set may contain any number of cases . Users 
may select any set/case arrangements they find canvenient. Table 6-1 lists the 
names of the data sets involved in the static solution process . In table 6-1, and 
throu^out the remainder of this section, the following definitions apply: 

Iset = a positive integer identifying the load set 

lease = apositive Integer between 1 and ncases . identifying a load 
case within set iset 

neon = the constraliit case associated with the factored sttfthess 
matxlx used in SSOL to obtain displacement solutions. 

(See INV, Section 4.) 


LIO 


Card Input, etxs. 



Display 


Fig, 6^1 The Static Solution Process 
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Table 6-1 Summary of Data SetB Involved in Static Solutions 



Data Set Name 



Main Source- 

Destination 

Programs 

Data 

Form 

Contents 

CASE 

TITL 

iset 


AUS-Misc. 

ALPHA^ 

Case title for set iset . 

APPL 

FORC 

iset 


ADS-SSOL 

SYSVEC^ 

Applied forces and 
moments (at joints). 

APPL 

MOTi 

iset 


AUS-SSOL 

sysvEG^ 

Applied motions 
(at joints) . 

NODA 

TEMP 

iset 


AUS-EQNF 

TABLE ^ 

Nodal temperatures . 

NODA 

PRES 

iset 


AUS-EQNF 

TABLE^ 

Nodal pressures. 

TEMP 

Eij^ 

iset 

icase 

AUS-EQNF 

ELDATA^ 

Element temperatures. 

disl 

Eij^ 

iset 

lease 

AUS-EQNF 

ELDAfA^ 

Element dislocations. 

PEES 

Eij® 

iset 

lease . 

AUS-EQNF 

ELDATA^ 

Element pressures . 

EQNF 

FORG 

iset 

icase 

EQNF-SSOL 

SYSVEC^ 

Equivalent nodal forces 

IS 

£i] 

iset 

tease 

EQNF-GSF 

ELDATA^ 

Initial strains. 

STAT 

DISP 

iset 

neon 

SSOL-GSF 

SYSVEC 

Static displacements 
(of joints) 

STAT 

REAC 

iset 

neon 

SSOL-Misc. 

SYSVEC 

Static reactions and 
error forces . 

STBS 

Elj® 

Iset 

lease 

GSF-PSF 

Special 

Element internal loads, 
stresses, etc. 


{1) Block 1 = Gase 1 , Block 2 - Case 2 , etc. 

(2) One case per data set. 

(3) Element type identifier (e.g. , E21, E22, etc.) 

[J 
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6. 1 APPLIED LOAD INPUT 

Input requirements for each category of applied loading are detailed 
below. The data forms SYSVEC^ TABLE, and ELDATA are explained in 
Section 2.5. 


6. 1. 1 Point Forces and Moments Acting on Joints 

These data must reside in a SYSVEC format data set named APPL 
FOBC iset . Case 1 resides in block 1, case 2 In block 2, etc. 

In the following example, set 20 contains two cases ; 

@XQT AUS 

SYSYEG; APPLIED FORCES 20 


CASE 1 


1= 2: J= 4. 10 : 420.$ 

Direction 2, joints 4 throiigh 10, 


420 lb. 

1= 1:J= 7 : 3500.$ 

Direction 1, joint 7. 35GG lb. 

CASE 2 


1= 1, 2, 3: J= 7, 9$ 


17. , 27. , 37.$ 

DlreGtion 1,2, 3 forces at joint 7. 

18. , 28. , 38.$ 

Direction 1,2,3 forces at joint 8. 

19. , 29. , 39.$ 

Direction 1,2,3 forces at joint 9. 
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6. 1. 2 Specilied Joint Motions 


These data must reside in a SYSVEC format data set named APPL 


MOTI iset . Case 1 resides in block case 2 in block 2 , etc. 


In the foUowing example, set 14 contains two cases. 
@XQT AUS 

SYSVEC: APPLIED MOTIONS 14 


CASE 1 


1= 2; J= 110; -4.2$ 

DireGtion-2 displacement of 


joint 110 is -4.2. 

CASE 2 

• 

1= 1 : J= 2 , 8 : 3 . 2$ 

Direetion-1 displaGement of 


joints 2 through 8 =^3.2. 


Specified motion is permitted only for components declared NONZERO in 
the constraint case associated with the current solution (see the CON subprocessor 
of TAB). Motions specified for components not declared NONZERO are ignored, 
and no error message is produced. 
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6.1.2 Inertial Iioading 


A very general Gapabiilty 1 b provided in AUS for computing equivalent 
nodal forces corresponding to Inertial loading (elastic, rigfid body, or both), utilizing 
any appropriate system mass matrix. Such loading may be included In the APPL 
FORC isot data set via the AUS/SUM command. 

For example, assume that the following data sets are already known in AUS : 

F = vectors of directly applied nodal forces. 

X2 = vectors of liodal accelerations (e.g., rigid body motion defined 
via the RIGID command, or combined rigid body and elastic 
motion), 

M system mass matrix of any kind , 

The following procedure would store the inertial loading in MX2, and the 
combined direct and inertial loads in APPLIED FORGES 27$ , 

@XQT AUS 


MX2= PRODUCT(M , X2 ) 

APPLIED FORCES 27= SUM( F , MX2 ) 
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6.1,4 Nodal Temperatures 


Nodal temperatures are In a TABLE format data set named NODA TEMP iset . 
Case 1 resides in block 1, ease 2 , in bioefc 2, etc. The block length is equal to the 
total number of joints in the structure. The structure Is stress -free at a uniform 
temperature of zero. (See Section 6. 1. 6. 1 for further information Goncei^dng inter- 
pretation of the temperature data. ) 

The following example contains three cases; 

@XQT AUS 

TABLE: NODAL TEMPERATUEES is_et 


CASE 1 
J= 

CASE 2 

j= 

j= 

CASE 3 

j= 


1 , 4: 10-.$ 

Joints 1 through 4, temperature = 10 

1; 14.$ 

Joint 1, temperature = 14 . 

10; 27.$ 

Joint 10, temperature ^ 27 . 

4; 44.$ 

Joint 4, temperature = 44 . 


ItEPOTDCIBlLIiy OP 
ry'RTGTN -PAGE IS / O f 
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6.1.5 Nodal PressureB 

Nodal pressures are in a TABLE format data set named NODA PlUBS iset . 
Case 1 resides in block 1, ease 2 in block 2 , etc. The block length is equal to the 
total number of joints in the structure. The direction of action of nodal pressure 
on Individual 3- and 4- node elements is established by the NEEF statement in ELD . 
If NBEF= 1 , positive pressure acts in the +3 direction of the element reference 
frame. If NREF- -1, positive pressure acts in the opp>osite direction. If 
NREF= 0, the pressure loading does not act on the element. (See Section 6. 1 . 6.3 for 
further informatldh.) 

The following example defines load set 9, containing two eases: 

@XQT AUS 


TABLE: 

NODAL PRESSURES 9 

CASE 1 



3 = 

1,6: 1.3$ 

Pressure at joints 1 through 6 is 1.3. 

CASE 2 




2, 10: 4.2$ 

Pressure at joints 2 through 10 is 4.2. 


20, 30: 5.0$ 

Pressure at joints 20 through 30 is 5.0 


6.1.6 Loading Defined For Individual Elements 


Applied load data defined for individual structural elements resides in 
ELDATA format data sets (see Section 2.5) with the following names: 


Name 

o; 

TEMP Eli iset iease 

Thermal 


DISL 

Eli iset lease 

Dlslocattonal (initial mismatch) 

PRES 

Eli iset lease 

Pressure 


In the above list, Eij is any valid structural element type (e.g,, E21, 

E33 , E4l, etc.). Note that each of these data sets corresponds to a single load eas-e. 
ic age , within set iset . For example, suppose that, in load set 4, case 7, thermal 
loads are applied to type E2i and E43 elements, and pressure loading is applied to 
type E43 and E33 elements . The names of the corresponding data sets would be as 
follows; 

TEMP E21 4 7 
TEMP E43 4 7 
PRES E43 4 7 
PRES E33 4 7 

Each of the data sets contains m entry (Golumn of data) for each structural 
element of the indicated type. Individual entry details for each class of loading are 
defined in SectlGns 6. 1,6. 1 through 6. 1.6. 3. 
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6. 1.6.1 Temperatures. The content of each entry (data column) within a TEMP Eij 
iset lease data set is described in this section. 


• For E21 , E22 , E23 , and E24 elements, each entry contains the following 
three words: 



a 


f 






T is the average temperature of the element, and T' and T' are 
transverse ^adients in directions 1 and 2, respectively, of the element 
reference frame. The following sketch shows how a beam would deform 
due to Tj , if the beam origin were free and the terminus fixed. The 
therms expansion coeSicieht is (x , 

u 


• « 
i p 

T' and T' produce no deformation in rigid links. 

1 ^ 

The following sketch shows how the beam, together with the rigid links 
(if any) by which it is attached to joints and jg, would deform due to 
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T , if it were fixed at and diseonneeted from j, . T. and 
a ■'2 11 

are the nodal tenujeratures (if any, from bloek lease of NODA 
TEMP is.et ) at joints jj^ and , respectively. 



e = 0 !s[T^ + |(Tj 4- fg)! 

Example. Cases 5 and 7 of set 48, type E21 elements. 
@XQT AUS 


ELDATA: TEMP E21 48 
CASE 5 


G=4: E=10, 20$ 
100 ., 10 ., 20 .$ 


Elements 10 through 20 of group 4. 

T = 100, t: = 10., T: = 20. 
a ’ 1 ’2 


CASE 7 

G= 4; E- 50$ 
22., 1.5, 2.7$ 
1 = 1 $ 


Element 50 of group 4. 

Ta = 22, Tj = 1.5, Tg =2.7. 
Following data records contain T only. 


G=4; E=l, 5$ 

1.2, 1.3, 1.4, 1.5 1.6$ T *s for elements 1 — 5 of group 4. 

cL 

6. 1.6. 1-2 


• For £31 and £33 elemonts, each entry contains three elements: 



Joint J1 Joint J2 


In the above^ Jl, J2, and ^ have the same meaning as defined in £LD. 
Where Tj^, and Tjg are the nodal, tenaperatures fif any, from 

block icase of NODA TEMP iaet y. the total effective corner tempera- 
tures are fg + Tj^, and fg + T^g. The temperature 

distribution within the element is assmned to be linear . 

Examble . Case 19 of load set 6, type £33 elements. 

@5{QT AUS 

ELDATA: TEMP £33 6 
CASE 19 

<^2: E=10: 4.5, 6.2, 9.4$ 

G=9: E"92: 3.7, 6.8, 9,9$ 
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For E41, E43, and E44 elements, each entiy contains four elements: 

fi, T 2 ,f 3 . and T 4 

The Tj’s have the same meaning as for the triangular elenientB. The 
temperature distribution in 4 -node elements is ^jumed to be linear. 
resulting in stress -free deformation of the decoupled element. An 
averaging procedure is used to determine a linear distribution approxi- 
mating the given T. 's . Element meshes shoiQd be made fine enough 
to support this assumption. 


TEMF loading is not defined for E25, E32, or E42 elements. 



6. 1. 6. 2 DisloGations (initial strains). Dislocational loading, which is similar to 
thermal loading . is used to describe situations in which element strains are not 
zero in the null structure. The term *'nuU structure" indicates the state in which 
all joints are held motionless . Dislocations are the deformations an element 
would undergo if disconnected from the null structure, blowing it to assume a 
strain-free stute. 

The content of each entry (data column) within a DISL Eij iset tease data 
set is described below. 


• For E21, E22, E23, E24, and E25 elements, each entry contains six 
words: 


^1* ^ 2 ’ S’ S’ S 

These quantities have the following interpretation: the d*s and r's 
are displacements and rotations of the origin, relative to a reference 
frame, paralleTto the member reference frame, embedded in the 
terminus. 


For example, the thermal (TEMP) loading defined for the E21, etc, , 
elements could also be modeled as dislocational loading if the follow- 
ing values of the d's and r’s were used; 


d 


r 


1 


1 


-at T1 ^ 


1 2 


-chT^ £ 


j £ 

= . rg=0. 
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Example Siput. Gase 7 of set 4, E21 elements: 


@XQt AUS 

ELDATA; DISL E21 4 


CASE 7 

G= 3 ; E“ 7$ 

1.2, 1.5, 1.1, .01, .017 
I- 1,3,6$ 

G= 4 : E= 2, 3$ 

1.1, 4.2, .00817$ 

3.2, 6.7, .00903$ 


Element 7 of group 3 . 

. 18$ , dg , dg , r j , rg , rg 

Identify » ^g 

Element 2, group 4. 
Element 3, group 4. 


• For E31 and E3 3 elements, each en^y contains three words, as follows: 

^ 11 ’ ^ 21 ’ ^22 

The have the same meaning as defined stdisequently for the £41, etc*, 

elements . 
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# 


• For E41, E43, and E44 elements » each entiy contains five words: 

*^11 ’ • **21 ’ ^22 ’ Si ’ S 2 ‘ 

As shown below » is the direction j displacement of node i . The 
Ji's are the connected joints, in the order given in the element definition 
(see ELp). 



• Dislocational loading is not defined for E32 and E42 elements. 
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6. 1.6.3 Pressure. The content of each entry (data column) within a PRES Eij 


iaet lease data set is described below. 


• For E31, E32, and E33 elements, each entry contains three words, 


as follows: 


P P P 
1' 2’ 3 

The P/s are pressures at the corners of the element, as shown below. 
The Ji's have the same meaning as defined in ELD. 



it is as sullied that pressure varies linearly over the surface of the element. 
The 3-aiKls of the element reference frame is the direction of action of 
positive 

The NREF statement in ELD has no eSect on the P^ 's. The reason for this 
convention is to provide a means of introducing pressure loading when NREF 
has been set equal to zero to inhibit nodal pressure loading as defined in 
Section 6.1.5. 
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• For E41, E42, E43, and E44 elements, each entry contains four words: 


P P P P 
1* 2* 3* 4 


The P.' s have the same meaning as defined previously for triangular ele- 
ments . For purposes of determining equivalent loading, the following 
assumptions are made: 

(1) The element is comprised of four independent triangular elements 
shown below. 

(2) The pressure distribution in each of the four triangles is linear. 

The p/s are total corner pressures . 
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6 2 eQNF EQUIVALENT NODAL FORCE GENERATOR 

Functipn. As indicated in the preceding section, EQNF computes equiva- 
lent joint loading associated with thermal, dis locational, and pressure loading. For 
thermal and dislocational loading, EQNF also computes the corresponding initial 
strain data necessaiy for subsequent stress computations . 


Figure 6-1 shows the relationship of EQNF to other processors, and 
Table 6-1 indicates the names of all input and output data sets. 


RESET Controls 


Default 


Maine 

Value 

Meaning 

SET 

1 

Load set identifier (Iset) . 

LI 

1 

First load case . 

L2 

1 

Last load case (cases Ll through L2 will be processed.) 

BSTLIB 

i 

Source librarjr, applied load data. 

FEFLM 

1 

Destination library, equivalent nodal force data. 

IS LIB 

1 

Destination library for initial strain data (if any) . 

ISBL 

896 

Block length, initial strain data output. 
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Core Requirements. 


Where JT is the number of joints In the structure, the data space require- 
ments will not substantially exceed the sum of the following: 


6 * JT 

+ JT (if nodal temperatures are involved) 

+ JT (if nodal pressiares are involved) 

+ block length of initial strain output (if any) 


+ L 

max 


, where 


^max largest value of L , defined below, occurring for any kind of element, Elj 


L = block length of TEMP EU iset lease (if present) 

^ block length of DISL EU ls_e_t icase (if present) 
+ block length of PRES EU iset ic^e (if present) 


Code Release Data, Level 9, July 1975, coded by W, D, Whetstone, 
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6 . 3 SSOL STATIC SOLUTION GENERATOR 

Function. SSOL computes displacements and reactioiis due to point 
loading applied at joints. Where iset is the load set identifier, and neon is 
the constraint ease (see SSOL Reset Controls and Figure 6-1), the SYSVEG- 
format output data sets are 

STAT DISP iset neon, and 
STAT REAG iset neon. 

Each of the output data sets consists of n blocks , where n is the number cf 
cases in the designated load set. Block 1 is the solution corresponding to 
ease 1, block 2 corresponds to case 2, etc. The number of cases, n, is the 
largest of the following: 

(1) Hj, the number of blocks in APPL FOHG iset, 

(2) n^, the number of blocks in APPL MOTI iset, or 

(3) n^ 5 the largest value of lease in any EQNF FORC iset icase 
resident in QLEB. 

If n^ or n^ is less than n, the omitted input load vectors (e.g. , applied forces 
for cases n^ + 1, 0^+2, etc. ) are assumed to be identically zero. Similarly, 
any omitted EQNF FORC iset icase is aSiiimed to be identically zero. 

Components of the STAT REAG iset neon set corresponding to Gonstrained 
or specified joint motion components are reactions. All other items are residual 
error forces; i. e. , F - KU, where F = total applied forces, K = stiffness 
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matrix, and U = computed displacements. The error forces should always 
be scanned for evidence of round-off error. 


K the error print (EP) option is in effect, three items, entitled F^U, U+KtJ, 
and ERR, will be printed for each load case. Where F and U are applied force 
and computed joint motion vectors, respectively, these three items are in order, 

F*tl , U*'KU , and the absolute value of F% u4cu divided by the greater of F% 
or U*'KtJ. If joint motions are specified via APPL MOTI iset, the quantity 
should, not be interpreted as an, error measure. 


RESET Controls, 

Default 


Name 

Value 

Meaning 

K 

K 

Name of stJ^fness matrix. 

CON 

1 

Constraint Case (see MV discussion) , 

KLIB 

1 

Library containing stiffness matrix. 

KILIB 

1 

Library containing factored stiffness matrix. 

QLEB 

1 

Data source Mhrai^, all load input. 

SET 

1 

Load set (iset) . 

REAC 

1 

Nonzero value causes S TAT REAC iset neon 
to be produced. 

EP 

1 

Nonzero value causes error analysis to be 


performed. 
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Cjare Requirements. 

In the following L is the greater of (1) the block length of K, or (2) the block 
length of INV K. JT Is the total number of joints in the structure . Data space 
requirements are approximately as follows : 


L + n ♦ JT 


where n = 12 if K is single-precision, or 18 if K 1$ double-precision. 


G_ 0 .de Release Data. Level 9, July 1975, coded by W. D. Whetstone. 
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Section 7 
STRESSES 


GSF is used to generate data sets Gontaining element stresses and internal 
load details. PSE is used to produce various forms of stress printout. Figure 6-1 
illustrates the relationship Of GSF and PSF to the other prOeessoxs involved in static 
stress analysis, and Table 6-1 lists the names of the associated input and output data 
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GSF ^STRESS DATA GENERATOR 


l\inctlQn. GSF generates data sets containing element stress and internal 
load information, input data sets are usually <1) structural deformations resident 
in STAT DISP iset neon , and (2) initisd strain data resident in IS Ei} ISet lease . 
Production of these data sets is described in Section 6. Output data sets are named 
STHS Eij iset lease . where El], iset, and lease have the same meaning as 
used throughout Section 6. 


RESET -C ontrols 


Defaidt 

Name, Value 

QLIB 1 


SET 1 

LI 1 

L2 

GON MASK 

EMBED 0 


ACCLM 0 

LREC 5600 


Ideaning 

Source librai^ for STAT DISP iset neon , and 
^ Ei] iset lease dam sets, applicable. Stresses 
will be stored In ' QLIB , 

Load set flset) , 

lease 

icase^' 

Fourth word of STAT D|SP iset neon. 


If nonzero, all stresses computed in the current GSF 
execution will be embedded in the E-^state, for use in 
computb^ geometric stiffness matrices, Kg , (See 
Section 4.) 

If nonzero, all stresses coeputed in the current 
GSF execution will be added to those already 
resident in the instate. 

Block length of output data sets. 



GSF 


ExecutiG.n G.ontrpl Parameters 


The foMowi^ statement may ax^ar immediately after the last RESET ca^, 
or after @XQT GSF if no RESET cards ace given; 


SOURGE= N1 N2 n3 n4 (trailing words MASK -filled. If omitted) 

The SOURCE statement names a data set, resident in QTXB , whleh replaces STAT 
DISP is_e_t neon as the soidrce of jobit motion data, 


Stress data sets, STRS Eij iset icase , wR;l be produced for tease = lease j, 
icase^ + 1, icase^ . If E2 is not RESET, teaseg assumes, as a default value, the 
number of Cases (blocks) resident in the input data set oontaimi^ joint motion data. 


Subsequent eontrol cards designate specific groups of elements for which 
stress data is to be computed, as Illustrated below: 

E21; 4, 7; 10$ E2l groups 4 through 7, and group 10. 

E33$ Ail E33 elements. 

E43: 1: 7: 10, 12$ E43, groups 1, 7, 10, 11, 12. 

E44: 1, 5: 7,17: etc. 

If eontrol cards of this kli^ are not given, stresses wRl be computed for all elements . 
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Gore Requirements 

The data space requirements are approximately the sura of the following: 

Six times the number of joints in the structure 
+ the longest IS Eij block length (if any) 

+ the STRS Eij block length. 

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone. 
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7.2 PSF - STRESS TABLE PiUNTER 

Function. PSF prints element stresses and internal load inConnatlon oon^ 
tained In the STBS Eij iset lease data sets produced by GSF . If present, load 
case titles contained in CASE TITL tset are displayed. 


Reset Controls. 



Default 


Name. 

Value . 

Meaninic 

QUB 

1 

Data source libraiy , STBS Eij iset » lease , and 
CASE TITL l&et. 

SET 

i 

iset (load set Identified). 

LI 

1 

lease 

L2 

1 

icase 2 — Default toPjae 2 is the munber of cases (blocks) 
in CASE TITL Iset . 

DISPLAY 

1 

piSPLAY ~ 1 produces^tandard stress print. 

DISPIAY ^ 2 deslpiates output of end force data for beams 
bars, etc. , and stress resultants for two- 
dimensional elements. (See Pa^ 7. 2 -5a) 

0X5 PLAT » 3 produces detailed display ^ beam 
bendicig sihress data. 

NODES 

1 

For 3^ and 4-node elen^ents, set NOD£S=« 0 to eliminate 
printout of stresses, e^., at element comers . (See 
Fig. 7,3-1.) 

CROSS 

1 

For 3- and 4-node elements, set CROSS= 0 to restrict 
the printout to mid-surface stresses. (See Fig. 7.3-1.) 

LBIES 

56 

Lines per page. 

lEA 

1 

Set IEA= 0 to cause the run to be aborted if an error 
occurs (e.g,, desi^iated source data sets do not exist). 
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I 



Fig. 7. 3-^1 Stress Display Convention - 4^Node Elements 


Execution CSontrol Parameters 



Tte followiiig control card may appear after the last RESET card (If any): 


Drv= f j 


f f f 


The fj's are divisors for the foHo'v^ng categories of data, In the order indicated: 

(1) Stresses. 

(2) Membrane stress residtants. 

(3) Bending stress resultants . 

(4) End forces for beani> bar^ etc . elements . 

The default value of each f^ Is 1.0. 
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PSF 


.flf . 




Data will be displayed for cases loase^ , iciM^ + 1 , — toase^ of set iset . 
Subsequent control cards (If ai^) will indicate speolfte element types (EIJ) for which 


data are to be displayed, as indicated below* If no snob cards axe given» the data 
will be displayed for all element types* 


£21: £23$ 

£31; £41: £43$ 


Data will be displayed oidy for these 
element types. 


Several examples of PSF printout are shovm on the following pages. 


Gore Reouirements 


Data space required is approximately equal to one block of STBS Eij . 


Code Beleas.e Data, Level 9, July 1975, coded by W. D, Whetstone. 



7.2-3 



PSF Eampl* 


LIO 


iZOu KIP SHEAR lOAO* DIP, 2 
RIHC stiffener, ErRo 

stresses f divided py todo.oooo 

MAX GO KB I NED 
CQNHEETtn P/A ♦BFNDlNC 


fNOEX 

Joints 


tension 

COMP 

i 

21 

22 

7,69 

,00 

2 

22 

21 

1S,9J 

• 00 

3 

23 

24 

19.06 

,00 

4 

24 

29 

15,60 

• 00 

5 

2S 

H 

7,54 

• 00 

6 

26 

27 

.00 

-•T,69 

7 

27 

26 

,00 

•I5,9l 

6 

26 

29 

,00 

•19.06 

T 

29 

3ft 

.00 

-is.ao 

lo 

30 

21 

• 00 

•7.54 


CASE 5* i 
•GROUP 3 



transvirse 



SHEAR 

6TRE6S 

TWIST 

P/A 

SI 

62 

SHEAR 

4.26 

.06 

.00 

.00 

J«i99 

.00 

• 00 

• 00 

16.66 

.00 

.00 

• 00 

12.69 

• 00 

• 00 

• 00 

4«U 

• 00 

•oo 

• 00 

•4 .26 

• 00 

• Oo 

• 00 

•12.99 

• 00 

• Oft 

• 00 

•16»66 

• 00 

• Oo 

• 00 

•I2»i9 

• 00 

• 00 

.00 

•4.11 

.00 

• Oo 

• 00 


Mote: This prlmt0ut was pnroduced wiCh DISPLAY^l and the 

eont^ol parameter Diy‘^1000. 


7.2-4 





PSF Exmjpl« .. 


l20u KIP SH^AH lOAOt l>lK« ^ 


CASE S« } 


RIMC STlfPENER, I»20 


ROROUP S 


f 2I roKctSf 

OTVrOFO 

6V t.OOOO 




Twntjt 

JOINT 

R1 

R2 R3 

24 

R5 

26 

i 

21 

64.73 

$70.97 •9200.52 

•1173.97 

171.36 

2393.06 


22 

-66.73 

•570.97 9200.52 

•4707.36 

721.96 

•2393.06 

2 

22 

163.25 

140.43^2606a,40 

2554,90 

•642.98 

2269.01 


23 

•163.25 

•140.43 26064 .40 

•4001.37 

2324.54 

•2269.01 

3 

23 

10.03 

• 1.0tiiS6a23.49 

seio.12 

■2379,70 

3.56 


2a 

•10.03 

IfOi 36423.49 

•2999.74 

2463.03 

• 3.56 

U 

24 

•163.99 

•140. 31 >276 39 ,44 

3969.37 

•2429.59 

•2266,92 


2S 

163|94 

140.31 27639.44 

•2544.10 

514.36 

2266.92 

9 

25 

•70.59 

•567.75 •6662. 02 

4699.56 

•613.79 

•2400.72 


26 

70.59 

$67.75 6662.02 

1146.55 

"113.31 

2400.72 

n 

26 

•66.72 

•570.97 9200.53 

1173.97 

•171.32 

•2393,06 


27 

66.72 

570.97 •9200.53 

4707.36 

•721.99 

2393 ,06 

7 

27 

•163.25 

•140.43 26064«41 

•255if,91 

642.99 

•2269,00 


26 

163.25 

140a43m26064,41 

4001.37 

•2324.54 

2269,00 

9 

26 

•10.03 

1.01 36423,40 

•3010.13 

2379,70 

■3,56 


29 

10.03 

■ 1 .U1*36423,49 

2999,73 

•2462.99 

3.56 

9 

29 

163.99 

140.31 27639,43 

•3969,36 

2429,5$ 

2266.92 


30 

•163.99 

•140.31*27639,43 

2544,11 

•534.36 

•2266.92 

to 

30 

70,56 

567.75 6662.02 

•4699,56 

613,77 

2400.71 


21 

•70.56 

•567.75 •6662.02, 

•1146.55 

113.27 

•2400.71 


Note: FI's are point force and moment components (rela'^ 
tlve to element reference frames) acting on element end 
points. This ^s printout produced with BISPLA.Y<p2. 





PSF Exaople 


UO 

C4sr Ai WTHO c 

T0WrR»57.6 

PSK 



Case i- 

rOWCR tiODY CORNt« AwGI.rS 




♦ GROUP 

ESI STRESSICSt 

divided 5Y 

1,0000 

MY2/II 


HV/I*3 

INDEX LOG 

MY2/I1 

MYi/ia 

♦MYI/12 

P/A 

♦ P/A 

s 

41-1 

1435. Yo 

3029,33 

4665*03 

5137,53 

9802,37 

41-3 

1744.75 

3662,50 

4407.25 

5137.35 

9544,58 

U 1-3 

•tUO 

-3206,83 

-3206,83 

5137.53 

193o,50 


-1744.75 

- 3663,50 

917,75 

5137,33 

6055.09 

51-1 

-3S11.48 

-4546,61 

-7056,09 

5137,33 

-192o,75 

51-3 

-3675,41 

-3996,04 

-6674,95 

5137*33 

-1537,62 

St-3 

• 00 

4813,01 

4813,01 

5137.33 

99So.^4 

51-4 

2678,91 

-3996,04 

-1317,13 

5137.33 

383o*2G 

6 

40-1 

-6058.17 

-11607,93 

-17646,09 

-12866.94 

— 3o5l3,03 

4 0-3 

-6440.71 

-10202.27 

-16643,99 

-12366,94 

-29506,93 

40-3 

• 00 

12388*07 

12268,07 

-1 286 -, 94 

-576,67 

40-4 

6440,71 

-10202,38 

-3761,57 

•12866*94 

-16628,51 

50-1 

3861,71 

11106,91 

14968,62 

- i 2866 ,94 

3 101,68 

50-3 

4M9,16 

9761, 9:j 

13881,09 

-12866.94 

1014.15 

50-3 

-tOO 

-11757,71 

-11757,71 

- 1 2 B 06 * 94 

-24634.65 

50-4 

-4119, lb 

9761,94 

5 64 2 #78 

•12866*94 

-7224.16 

7 

43-1 

-1653.93 

3023*05 

1369*11 

5137,04 

6506-16 

42-3 

•1764,19 

2656,97 

692,76 

5137.04 

6029,83 

42-3 

»oo 

-320U • 1 8 

- 32 0 0 0 1 8 

5137.04 

1936.86 

43-4 

1764,19 

2656,98 

4421,17 

5137.04 

9558,21 

53-1 

2495,67 

— 4599 ,35 

-2103,66 

5137,04 

3033,36 

53-2 

3663,05 

-4043,40 

-1380*35 

5137,04 

3756,69 

52-3 

- , 00 

4668,85 

4866*85 

51157,04 

10005,89 

53-4 

-2662 ,o5 

-4042,40 

-6704,45 

5137,04 

•iS67,4l 


Note: This printout was produced with DISHA5f»3. 


7.2-5b 


itJGBBJW os’ 

S; PAGE IS POOR 




uo 


CASr A» 

WIND ON Tf|WFR»57,6 

P3E 



CiS6 1 

SECTION 

F>F 





«GR0LfP 

C2i STReSStiSi 

OIVTDFO BY 

1.0000 


■ 






HY2/II 


HV/I*8 

iwoex 

LOC 

MY2/I1 

6Y1/I2 

♦NYl/l? 

R/A 

♦P/A 

13 

R7.1 

-3S.33 

-2086,51 

-2121,84 

-7703,13 

-9824.46 


Ifmi 

35,33 

-2086,51 

-2051,18 

-7703.13 

•9754,31 


R7-3 

376,02 

829,97 

1206,74 

-7703.13 

-649|i,34 


<nmti 

-376,62 

829,97 

453,15 

-7703.13 

-7249,98 


99*1 

75,56 

3374.26 

3449,82 

-7703,13 

-4253,31 


99i*2 

-75.56 

3374,26 

3298,71 

-7701,13 

-4404,42 


99»3 

-605,92 

-1342,22 

-2148,14 

-7703,13 

-9651,27 


99* a 

605,92 

-1342,22 

-536,24 

•7703,13 

-8239,42 

la 

99«1 

76,22 

3403,57 

3479.80 

-7157,43 

-3677,63 


99^2 

-76,22 

3403,57 

3327,35 

-7157,43 

-3830.08 


99«i 

-613,06 

-1353,87 

-2166,94 

-7157,43 

-932^1,37 


99i.a 

613,06 

-1353,87 

-540,6l 

-7157,43 

-769 8,25 


101-1 

-42,77 

415,57 

372.80 

-7157.43 

•678a ,63 


tul-2 

42.77 

415,57 

456,34 

-7157,43 

-6699,09 


101-3 

456,22 

* 1 65 , 3 1 

290.92 

-7157.43 

—6866.52 


toi»a 

-456,22 

-165,31 

-621,53 

-7157.43 

-7778.46 

IS 

H)l-l 

-37.96 

623,39 

585,43 

-6628,46 

-6043,03 


loi-a 

37.96 

623,39 

661,34 

-6628,46 

-54'67,11 


101*3 

404,69 

-247,97 

156,92 

-6628,46 

*6471,54 


10l*« 

-404,69 

-247,97 

-652,66 

-6628.46 

-728 1 ,3l 


103*1 

*.33 

1417,79 

1917,46 

-6628.46 

-4711,00 


103*? 

• 33 

1917.79 

1918,12 

-6628.46 

*4710.34 


103-3 

3*52 

• 7 62 • 86 

-759,34 

—6628 .46 

-7387,80 


103-4 

*3,52 

-76? ,86 

•766,37 

-6628 . 46 

-739a, 85 


Note: TMb printout was produced with DISFIAST-3. 


''i • 

■^■’^■’31 

7.2-Sc 



PSF Example 


i 

* 


[20U KIP SHEAI? load* OIR, 2 
CONiCAi aUPFACff Zh 20 TG lU 
rA3 MtMBRAVE 8 TPR 88 PESULTANTS# OlVIOfO •/ 

NY NXY ANG 

#361A.77»U909«S6 112* 


jRP/lND toe NX 

3/ 1 C •6467,25 

PtC •1267.53 
SIC •1267.53 
32C*12632.36 
22C«10741f5a 

3/ 2 C-22496i67 

22C-18290.35 
52G» 18290 .IS 
33Ce27472.S9 
23Ci»25942t22 

3/ 3 C«30293tl6 

23C*30729»10 
53C*i0729,l0 
34C»t29778,00 
24C»29936i52 


•2472.l7«tt509.56 136. 
•5472 .S2» 1 1 909 . 54 1 40 1 
•5t26.7Ult909.54 124. 
•2165, 47«1 1509.54 I29» 


cAse s« 

4GR0UP 5 

1,0000 

MAX PN HXN Pm max ohr 

4435.66*U737.66 11964.67 
9444.94«13404«44 11524.79 
6916.20«15076.|5 11696,23 
3225«06«20964,ia 12105,63 
56 15 , 24« 1 6742,50 12276 . 66 


-5551.98 •6176.34 112. •2246.99-25601 .67 11774.44 
»2347.6e •6)76,34 111. 1064,S2«21742.55 11413.44 

•9463.52 •6176.34 12l. »4S96,46«23l75.36 9286.45 

•6666.14 •6176.34 111. •5406,94p30S31 .79 12441.42 
•i666.39 »6176.34 107. 8li.43«26442.24 14424«93 

•5443 .61 •2447.99 96. •5204.95«30532«o4 12663.55 

•1772.54 «2447.99 95. «1567.05«30934,60 1 468 3 .76 

•9976.47 •2447.99 97. «9492.0U3l0l3.97 10460.96 

•9014.74 •2447.99 97. i»679t ,73«30043voi 10455.64 
•969,10 •2447,99 95 , •763,54*30142,oO 14679,27 


Note: fhia printout was produced with PISFLAY»2, For each 

element, the first line printed refers to the center of the 
element. Subsequent lines refer to nodes 1*2,3, and 4, with 
the connected joint number listed on the left. !l^e G refers 
to mid-surface. Oh the follofd^ng pages, all of which were 
produced with piSFLAY-1, A and B have the meaning indicated 
on Figure 7 . 3-1 , 


PSF Example 


1^00 KIP SHFAR I 040* njR, g 
rcirjrAL siiPfArF* Z«?o Tf lo 
paz STPFSSfS* fJTVlOFn PV I0o0*0000 


CASE S* I 
« GROUP 3 


3/ 1 


3/ ^ 


3/ 3 


LOf 

sx 

SY 

TXV 

ANG 

MAX PS 

HIM Pa 

MAX SHR 

C 

-t?.R7 

■ 7*63 

-?3,02 

132. 

12,87 

•33.48 

2.3,17 

A 

«U*72 

• 7.60 

-23,02 

132, 

13,00 

-33.32 

23,16 

B 

-I3*ai 

■ 7*66 

-23,02 

132, 

13,74 

-33.63 

23,19 

?1C 


-4,94 

-23,02 

136, 

19,29 

-26 , a 1 

23,05 

A 

**S.(I7 

■6,14 

■23,02 

116, 

17,42 

-26,63 

23*03 

« 

•« • OB 

• 3.75 

-23,02 

137, 

21,18 

•25,0 1 

23,09 

Me 

-g.Sfl 

-10,95 

•23,02 

140, 

16,64 

• 3 0 , i 6 

23.40 

A 

. 14 

- 1 0 * 58 

-2i«02 

142, 

18,54 

•26,78 

23,66 

h 


-11.31 

-23,02 

139. 

14,60 

• 3 1 , 0 

23,20 

3ac. 

•gS ■ 26 

•10.26 

-23,02 

126, 

6,45 

-41,97 

24,21 

4 

-21 .61 

-0,29 

-23,02 

128, 

8,38 

•59,?H 

?3.83 

F< 


-11*22 

•23.02 

124, 

4,59 

•44,73 

24,66 


-21. 4H 

-4.37 

•23.02 

125, 

11,63 

•37.48 

24,56 

A 

-23.74 

-5.49 

-23,02 

124, 

10,15 

-39,38 

24,76 

B 

-IB, 22 

■3*25 

-23,02 

125. 

1> 13 

-35,60 

24.36 

C 

-4*5,00 

•11.10 

- 1 6 , 36 

112, 

•4,50 

-51 ,60 

23,55 

A 

»-4«,27 

•10.94 

-16, 36 

112. 

-4,25 

•50,96 

23,35 

B 

-45,71 

•11.27 

- 16,36 

112. 

-4,74 

•52.25 

23,76 

H2G 

-36*5B 

• 4,74 

-16,36 

113. 

2,17 

•43.49 

22,83 

A 

-412.72 

• 7.71 

•16,36 

112. 

-U25 

•49,17 

23,96 

H 

• 30 , 414 

• 1.77 

-16,36 

114, 

5,65 

-37,85 

21.75 

32C 

—36, 58 

-18.97 

•18,36 

121. 

■9,20 

•46,35 

18, 5 ft 

A 

-28,12 

•17,50 

■16,36 

126, 

-9,69 

-40.14 

17,23 

B 

-44, B4 

•20,43 

- 16,36 

117. 

•12, 23 

•53, 04 

20,41 

33C 

#54,B5 

-17.34 

-16,36 

til. 

-11,22 

•61 , f)6 

24,9? 

A 

^46,59 

•15,43 

•16,36 

113, 

•8.42 

-S3, 69 

?2,S9 

B 

-6 3,30 

•19.25 

• 1 6 , 36 

108, 

■13,84 

•68,71 

27.43 

2 1C 

-bl.BB 

-3,38 

- 1 6,36 

107. 

1.62 

•56 ■ 88 

29*25 

A 

-5f,33 

• 5,97 

-16, 36 

1 06 . 

•1,20 

•62, iO 

30,45 

fl 

-46. 44 

-.79 

•16^36 

108. 

4,47 

•51.69 

28,08 

G 

*60 , 59 

• 10, 89 

-4,90 

96. 

•10,41 

•61, o6 

25,33 

A 

-59,61 

-10, 6b 

-4,90 

96 . 

■10,16 

•60,09 

24,97 

P 

—6 1 , S6 

• H.13 

-4,90 

95, 

-10,66 

•62*04 

25,69 

23C 

—6 1 , 46 

-3.55 

• 4,90 

95. 

-3,13 

-61 , 8? 

29.37 

A 

-68, 31 

• 6 « 8 1 

• 4,90 

95, 

^6,42 

- 66,70 

31,14 

B 

-54,61 

- , 28 

-4,90 

95, 

,16 

•55,04 

27,60 

33C 

-61 ,46 

•19,95 

•4,96 

97, 

-19.38 

•62, o3 

21.32 

A 

-5 1 , 3g 

-17.97 

•4*90 

98. 

•17.27 

-52,02 

17,38 

B 

-71,60 

•21.94 

-4.9t) 

96, 

-2 1 • 46 

-72,07 

25.31 

3ac 

-59,56 

•ia.o7 

• 4 , 90 

97, 

-17.50 

• 60 , 1 3 

21.31 

A 

-49,5fl 

•15,94 

-4,90 

9fl, 

-15,24 

-50.28 

17,52 

B 

-69.53 

•20.21 

-4,90 

96. 

-19,73 

•70,01 

25,14 

gac 

-59. B7 

• 1.98 

-4,90 

^5, 

•1.57 

•60 , 28 

29, 36 

A 

-66.74 

•5,23 

-4,90 

95, 

•4, as 

•67.13 

31,14 

R 

-53,00 

1.28 

-4,90 

95. 

1*71 

- 53,44 

27.58 


FSF Example 


1?0o 

KI>> 

smear 

1 CAPt PIR 

* 2 




CAS 2 

5- 1 

rnf iCAi 

stiRFArr* z* 2 o TP ju 




♦fiROUP 3 


ST^'F.SSFS, 

Pivinrp 

FY lOoO 

.0 000 






LUC 

si< 

SY 

Txy 

ASr; 

MAX PS 

HIM PS 

MAX SHP 

"i/ 

1 

c 


• 7*63 

-23*02 

132. 

12,87 

-33*48 

23,17 



A 

-12*7? 

•7.60 

«23,02 

112. 

13,06 

-33,32 

23, lb 



H 

- 11*21 

• 7*66 

•23*02 

132, 

12,74 

-33*63 

23,19 

S/ 


r 

#<IS *00 

- 11*10 

f*l 6 , 36 

112 , 

-4, SO 

-51*60 

23.5s 



A 

-4a, ?7 

-ir*o« 

-16.36 

1 12. 

-4.2S 

-50*96 

21. 3 S 



n 

-as . 71 

-1 1 .27 

-16.36 

M2. 

-4,74 

-S2,?S 

2U76 



c. 

-BO ,sa 

- 1 fi * BO 

-4.00 

06, 

-10,41 

-6 1 , 06 

?S. 53 



A 

-50* Bi 

- 10 * 6 S 

• 4.90 

96, 

-10,16 

-60 • (jO 

24,97 



P 

-61 , S6 

» 1 1 * 1 3 

-4.90 

9S, 

- 10,66 

- 6? • 0 4 

PS,69 

i/ 

4 

C 

-S0.C6 

-6,?S 

6,70 

79. 

-4,Sfl 

-5U72 

23,57 



A 

-40,17 

- 6 * ua 

8,70 

70, 

-4,36 

-5l*0S 

23,34 



B 

-Si), 76 

-6 * aS 

6.70 

70, 

-4,80 

—52 *46 

?3,»0 

3/ 


r 

-?1 ,63 

*B2 

20,27 

SO, 

12,77 

•33«S8 

2i,17 



A 

-21 ,44 

• 02 

20,27 

bo. 

12,89 

*33.41 

23*15 



B 

-21 ,B? 

*72 

20,27 

60 , 

12.6S 

-33*74 

23*19 

3/ 

6 

C 

12.*»7 

7 #63 

23,02 

42, 

33,48 

-12*b7 

23.17 



A 

l?,7? 

7*60 

23,02 

42, 

33,32 

-13*00 

23,16 



R 

13*23 

7,66 

23,02 

42, 

33.63 

-12,74 

?3fl9 

-V 

7 

c 

as , 0 0 

11*10 

16,36 

22, 

51,60 

4. SO 

23,55 



A 

a a, a 7 

10*04 

16,36 

22, 

SO, Ob 

4 . 2 s 

23,35 



R 

as. 73 

11,27 

16.36 

22* 

S2.2S 

4*74 

23,76 

3/ 

9 

C 

6»),sa 

10*80 

4.00 

6 * 

61,66 

I0*4l 

25,33 



A 

so, 61 

10*6S 

4,00 

6 * 

60,09 

10*16 

24,97 



B 

61 *%6 

lull 

4,90 

S. 

62,04 

1 0 * 6 b 

25,69 

3/ 

<? 

G 

St) * 06 

6,25 

-6,70 

160, 

51,72 

4.58 

23,57 



A 

aO,37 

6* (14 

-8 ,70 

169, 

51, OS 

4*36 

?3,34 



R 

so. 75 

6*45 

-8,70 

169, 

52,40 

4,80 

23.80 

5/ 

10 

c 

21 ,63 

-•62 

-20,27 

140, 

3 3. SB 

-12*77 

25.17 



A 

21. aa 

-•02 

-20,27 

140, 

31.41 

-12. BO 

23.15 



B 

21.f? 

-,72 

-20.27 

ISO, 

33,74 

-12*6S 

23.19 
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t20u KIP 5Mf;AP I RAD* 0I»* 2 


PSF Example 


CASE S* I 
PGROUP 3 


^COf’jCAl SURFAfr* Zmd{) TP lU 

rU% STWrSSFS. niVTDFD pv lOoO.OOOfl 


r,»FViM 


1 or. 

sx 

5V 

Txy 

ANG 

MAX PS 

MIH Ps 

MAX SHR 

3/ 

1 

r 

-12.97 

^7.63 

-23.02 

132. 

12,87 

• 3 3 , 48 

23.17 



21C 


*4,94 

^23,02 

136, 

19,29 

•26,gt 

23.05 



31C 

-2.S« 

-10,95 

•23,02 

140. 

16,64 

•30,16 

23.40 



^2C 

-2S.26 

•10. 26 

•23,0? 

126, 

6,45 

•41,97 

24.21 



22f 

-21.48 

• 4.37 

-23,02 

125, 

1 1 .63 

•37,48 

24,56 

5/ 

? 

C 

• 'iS.no 

-11.10 

•16,36 

112. 

• 4, So 

•51,60 

23,55 



22C 

-36. 

-4,74 

-16,36 

113, 

2.17 

•43.49 

22,83 



32r 

-36.SB 

-18.97 

•16,36 

121 . 

•9.20 

•46 . 35 

1 H • 58 



33C 

-‘i4,95 

•17.34 

•16,36 

HI. 

•11.22 

- 6 1 ,06 

24,92 



23c; 

-Slr «6 

•3.38 

•16,36 

107. 

1,62 

•56, s8 

29,25 

3/ 

i 

C 

—60 • 59 

-10. 89 

-4.90 

96, 

•10,41 

•61 , 06 

25.33 



23 C 

-6Hfl6 

-3.55 

•4.90 

95. 

•3,13 

-61,87 

29,37 



33f. 

- 6 t . 4 

-19.95 

-4,90 

97. 

•19.38 

•62,03 

21,32 



34“ 

-59*56 

•18,07 

• 4,90 

97. 

• 17,50 

-60,13 

21,31 



?ac 

-59*87 

• 1.98 

-4,90 

95. 

•1,57 

•60*28 

29,16 

3/ 

4 

r 

-50,06 

-6.25 

8,70 

79, 

•4.58 

•bl.t2 

21. S7 



24C 

-59.aa 

-U35 

8,70 

82. 

••08 

-61.14 

30.53 



34i(; 

-59, 8« 

•12.29 

6,70 

80, 

•10,75 

• 61 mH? 

25,33 



3f5C 

- 38 • 46 

-11.04 

8,70 

74, 

•8,51 

•40,99 

16,24 



il'iC 

-42,03 

-.30 

8,70 

79, 

1 , 44 

-43,77 

22,60 

3/ 

S 

r 

-21 .63 

• 82 

20.27 

59, 

12,77 

• 33 • 58 

2i,l7 



25C 

-32,49 

1.78 

24,27 

65. 

11,19 

•41,90 

26,54 



3^iC 

-32,49 

•,36 

20.27 

64, 

9,44 

•42,29 

25,86 



36C 

-8 • 60 

-.11 

20,27 

51, 

16.27 

•25.19 

20.73 



26G 

-12,75 

1 ,99 

20,27 

55, 

16,19 

-26.95 

21.57 

3/ 

h 

e 

12,97 

7*63 

23,02 

42, 

ii,48 

•12.87 

23*17 



26 C 

2,Sfl 

4,94 

23 , 02 

46, 

26, SI 

-19.29 

23,05 



J6r 

2,56 

10.95 

23,02 

SO, 

30,16 

•16.64 

23.40 



47G 

25,26 

10,26 

23.02 

36. 

41,97 

-6.45 

24,2! 



27C 

21.46 

4.37 

23.02 

35, 

37,49 

•11.63 

24,56 

3/ 

7 

r 

45.00 

U . 1 0 

16,36 

22, 

51 ,60 

4.50 

23.55 



27C 

36.50 

4.74 

16,36 

23. 

43,49 

•2,17 

22,83 



37C 

36, SS 

18.97 

1 6 , 36 

31, 

46.35 

9,20 

18,56 



5fiC 

54,95 

17,34 

16,36 

21. 

61,06 

11.22 

24,92 



aer 

51 ,88 

3,38 

16.36 

17. 

56,88 

• 1 # 62 

29.25 

3/ 


G 

60.59 

10.89 

4.90 

6, 

61,06 

10*41 

25,33 



aer 

61,46 

3.55 

4,90 

5. 

61,87 

3,13 

29,37 



isr 

61,46 

19,95 

4,90 

7. 

62,03 

19,38 

21,32 



3<jr 

59,56 

18,07 

4,90 

7, 

60,13 

17.50 

21.31 



29C 

59,87 

1 .98 

4,90 

5, 

60, 28 

1.5? 

29 • 36 
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PSF Example 


t?Gu KH’ SMFAH I PAr», niR, 2 *>• ^ 

fOI'lCAl SURfArn K»2(i IV •fiRniJP i 

pa3 stRFSsrSf fiivintp hy iooq.oooo ' 



' 

lor 

sx 

8V 

TXY 

A NR 

MAX PS 

HIM Ps 

fiAX SHR 

3/ 

i 

f: 

-12*^7 

#7,ft3 

•23,02 

132, 

12,87 

•33,48 

23.17 

3/ 


r. 

-4S,no 

-t i.io 

• |6,36 

112, 

-4,50 

-SI, 60 

23,55 

S/ 

i 

c 



•4, So 

S6, 

• 10,41 

-6l ,o6 

2S,33 

i/ 

4 

r 

-»^ U . (Vft 

#ft »25 

fi, 70 

70. 

-4, SR 

-5*1 ,72 

23,57 

3/ 

'i 

r 

-2ltft3 

,B2 

20,27 

SO. 

12,77 

-33,58 

23,17 

3/ 

ft 

c 

12*R7 

7.63 

23,02 

42, 

33,46 

*12,8^ 

24,17 

3/ 

7 

r 

45,00 

1 1 • 1 0 

IS, 36 

22, 

SI, 60 

4,50 

23,55 

3/ 

rt 

r. 

fto.S*? 

i 0 , P9 

4, So 

6 « 

61 ,06 

1 0 , 4 1 

PS.33 

3/ 

Q 

c 

5 0,0 ft 

6, PS 

-8,70 

ISO. 

SV.72 

4,58 

23,57 

3/ 

tn 

r 

21.^3 

!• , 82 

-20.27 

149. 

33,58 

-12,77 

23,17 
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Section 8 

EIG SPARSE MATRIX EIGENSOLVER 

F^cMon. EIG solves linear vibraMon and bifurcation buckling 
eigenproblems of the types iniRcated by Eqs* (i) (2)> 


rMX - KX = 0 

(1) 

rKgX KX c 0 

(2) 


K and Kg must be in the SPAR standard sparse matrix format; M may 
be in either SPAR sparse matrix or diagonal format; and K must be non- 
singular. K need not be positiveHiefinite in Eq. (1), but must be positive- 
definite in Eq . (2) . 

EIG implements an iterative process consisting of a Stodola 
(matrix iteration) procedure followed by a Rayleigh -^Ritz procedure, followed 
by a second Stodola procedure, etc. , resuli^g in successively refined 
approsamations of m eigenvectors associated wiEh the m eigenvalues of 
Eqs. (1) or (2) closest to zero. Closely spaced roots do not adversely 
affect the process. 

ba the following discussion of appUGation of the process to Eq. (1), 

it is as sinned that M and K are n x n, and that m linearly independent 

i 2 tti 

system vectors, Y , Y , - *• Y , are known. Methods of initiating these 
vectors will be discussed later. Usually m is chosen to be much less 
than n; that is, m is usually 4 to 30, While n may be extremely large 
(e.g. 10000 +)> 


In the following disGUSsion, Z is a general linear combination 
of the Y‘s: 

Z = Yj + <J2 Y2+ . . . 

~ HQ, where 
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EIG 


H = (Y. Y, ---- Y ), and 
1 2 m 

—■««.)*■ 1^) 


The Rayleigh-Ritz procedure consists of replacing X with Z inEq. (I); 
that is, substituting (3) into (1) and p re •multiplying by 

r + (0*5*101)0 = 0 (4) 


Using the Chole8ky>Hpuseholder method, this low-order eigenproblem 

is solved for adl m eigenvectors Qj^, Q^. The Rayleigh-Ritz 

procedure is concluded by using (3) to calculate m Improved 
approximations of the n - order system eigenvectors. 



HQ 

HQ 


1 

2 


Z = 
m 



(5) 


The Stodola (matrix iteralaon) step is as follows , From each Z 
of Eq.. (5) a new Y is computed, subject to the requirement that 

MZ = KY. (6) 


In performing MZ calculations and in solving for Y, SPAR's sparse- 
matrix algorithms are used. The iterative process continues by using 
the new Y's in another Rayleigh-Ritz procedure, etc. Vectors are 
regularly renormalized to avoid scaling problems. 

The convergence resulting from Eq. (6) is readily observed by 
considering vectors Z and Y as linear combinations of the n system 
eigenvectors X^, X^ X^, 


8-2 



EI6 






t 


) 


fs 


Z 



a. X. . 
i i 


Y s 


1 





(T) 


9{e 

Subsl^tatioti of (7) into (6) and pre-multiplicatLon by X- gives 

J 


»SL. jBc 

E X, MX. a = Ex. KX. b.. 

i=l J ^ * i=l J ^ ^ 

Since, for i not equal to j. 


xf M X. = xf K X. = G, 

J 1 J I ’ 


b. 


1 


X* M X. 

a. 

X* KX. ^ 

X 1 



(8) 


where r. is the eigenvalue associated withX.. £q. (8) indicates that in 

1 X 

the transition from Z to Y the magnitudes of corresponding eigenvector 
coefficients are dimimshed in inverse proportion to the associated eigen- 
value magnitudes. Suppose, for example, that some of the system eigen- 
values are r^ = . 5, r.^ = 10. r^g = 1000. Then 


bl = 

b.^ - .1 a^, and 

Hs ^ ^2S‘ 


Since K need not be positive definite, ElG can be used to solve 
’’shifted" vibrational eigenproblems . For example, if cMX is added and sub- 
tracted from the left side of Eq. (1), 

{r - c) MX - (K - cM) X = 0. (9) 

Eq. (9) is pi t^e same form as eq. (1), except that (r - e) has replaced 

r, and (K - cM) has replaced K. Shifting has several useful applications. 
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For example, suppose it is desired to compute only the vibratioxial modes 
assoGiated with eigenvalues near c. The procedure is as follows: 

(1) Use AUS/SUM to compute K - cM. 

(2) Use INV to factor K - cM. 

(3) Use EIG to compute the eigenvalues of Eq. (9), (r - c), 
near zero. 


It is noted that INV can be used to determine the number of 
eigenvalues present in any range of interest. INV prints the nmnber 
of negative terms encountered in factoring K - cM, which is equal to tlie 
number of roots below c in Eq, (1), 

EIG measures convergence of the overall process by tracking 
changes in the eigenvalues of Eq. (4), as computed in successive steps. 

Through RESET controls, the analyst may choose eigenvector initial 
approximations comprised of: 

(1) random vectors generated internally by EIG, and/or 

{ 2 ) data sets, from any source, resident in a library. 
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The following outp»it data sets are produced by EIG: 


Data Set 

Name 

Contents 

VIBR MODE 

naet neon 

The last set of vibrational eigenvector approximations 
(Y, Y„ — y ), normalized to yt M Y. = 1,0. 

VIBR EVAL 

nset neon 

The eigenvalue approximations associated with the last 
set of vibrational eigenvector approximations (not in Hz). 

BUCK MODE 

nset neon 

Last set of buckling mode approximations, normalized 

to y^K y = 1.0. 

1 g i 

BUCK EVAL 

nset neon 

Eigenvalue apprcnclmations associated with the last set 
of buckling m^e approximations . 


The VIBR MODE and BUCK MODE data sets are in SYSVEC format, containing m 
blocks - one for each eigenvector approximation. The VIBR EVAL and BUCK EVAL 


data sets contain a single block of m words. 


The fourth word of the names of the output data sets , neon , is the constraint 
ease identifier, designated by the CON Reset Control. The third word, nset. is 
a user-^supplied identifier designated by the NEWSET Reset Control. A typical use 
of nset is to identify results associated with different shift points , 

RESET Controls 


Name 

PROB 

NDYN 


Default 

Value Meaning 

VIBR VIBR indlGates solution of Eq. (1). 

BUCK indicates solution of Eq. (2). 

8 Maximum number of passes through the EIG iterative 

process. 



EIG 


RESET Controls 

I, Continued. 


Default 


Name 

Value _ 

Meanine 

CONV 

.0001 

1 Iteration controls. For iteration j, the measure of 

convergence of eigenvalue t is: 

NREQ 

. 5 m 


VI 

.0 


V2 

.0 

The Ith eigenvalue is said to be converged if e^ is 
less than the value indicated by CONV . Execution 



will terminate when both of the following conditions are 
met: 



(1) At least NHEQ eigenvalues have converged, 

(2) There are no unconverged eigenvalue approxi- 



mations within the range VI < r^^ < V2 

K 

K 

First word of the name of the data set to be used as 
K in Eqs. (1) or (2). Common RESETS are 
K= K + KG, and K^ K + GM . 

KG 

KG 

First Word of the name of the data set to be used as 
Kg in Eq. (2). 

M 

DEM 

First word of the name of the data set to be used as 



M in Eq. (1) . A common RESET Is M + RM , 

where M + RM is the sum of RMASS and DEM (or 
CEM) , formed through ADS/SUM . 

CON 

1 

Constraint case , neon , applied in factoring of K , 
or the K surrogate , by ENV , 

KLiB 

1 

Library containing K , or the K surrogate . 

KILIB 

1 

Library containing the factored K (or K surrogate) 
produced by INV . 

KGTIB 

1 

Libra^ containing KG , or the KG surrogate . 

MLIB 

1 

Library containing M , or the M surrogate . 

OUTLiB 

1 

Library Into which EIG output is to be delivered . 

NEWSET 

1 

Value of nset , the third word of the output data set 


names . 
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Default 


Name 

Value 

MeaninK 

INIT 

H 

L2 

0 

These parameters designate initial ltf>pr03dmatioii8 
from either or both o' the following sources; 

(1) INXT = the number of vectors of random numbers, 

(2) Vectors LI through L2 of an existing data set 
within library INOB. The name of this data set 
is VIBR (or BUCK) MODE oldset neon. 

INLIB 

1 

If LI and L2 are not given, and INIT is not given, 
all vectors in the data set VIBR (or BUCK) MODE 

OLDSEt 

1 

oldset neon will be used as initial approximations . 
The maximum total number of functions , m , is 100 . 

XRAND 

0 

Advance the random number generator by XRAND 
numbers (to avoid re-creating the same vector as 
in a previous execution) . 

SHIFT 

.0 

SHIFT is added to the computed eigenvalues [i.e. , 
shift corresponds to c in Eq. (9)] , before they are 
stored in VroR EVAL or BUCK EVAL. 

HIST 

4 

Nonzero value , 4 or 8 , results in printout of eigen- 
value convergence history, displayed as HIST 
columns per page. 

TIME 

0 

Nonzero value results in printout of Intermediate 
C P and wall clock times . 

RRCH 

\ 

0 ' 

Nonzero value results in'executio . of a check of the 
accuracy of each Rayleigh-Ritz analysis . 


EIG 


Following RESET cards, two additional types of eommands may appear: 

11) RSCALE Sj, ®2 * ^3* ^4’ ^5* ^6* 

The above causes all direction ~ i Joint motion components of all 

random vectors produced by the INIT Reset Control to be multi- 
plied by s . . Default values are = 1 . for i = 1 , 2 , 3 , and 
s, = .01 for i = 4, 5, 6 (rotations). 


(2) PRINT K1 K2 K3 K4 K5 

Nonzero values of the K’s result in production of the following 

categories of printout: 

Kl; Vectors Y, KY, and MY are printed during each 
iteration. Bring a boxcar to haul your printout 
home . 

K2: Terms in the m x m coefficient matrices of Eq. (4) 

are printed during each iteration. 

K3; All Rayleigh-Ritz eigenvectors, Q. in Eq. (4), are 
printed during each iteration. 

K4: Vectors Z. of Eq. (5) are printed during each iteration, 

KS: The final set of eigenvector approxlmalaons are printed. 

Kl through K4 should be used only to diagnose abnormal results. 
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Suggested Technique ; The RESET controls allow £IG to be used tn many ways. 

The best approach for a paiticiilar case will depend on many factors, such as prob- 
lem size, the number oi: efgezisoluiians retiuired, the mode of executilon (batch or 
Interactive), etc, Accordhagly, no llxed rules of operation can be given; however, a 
few general guidelines can be stated; 

(1) U e igenvectors for a siinUar structure are known, use them 
aa approxlmattons. This Is very useM In parametric 
studlei^ of the effects of Changes in section properties, mass 
distribution, etc. 

<2) To compute modes of structures fbr which rigid bodty motion is 
possible, use the specti?al shift method. The shift constant, 
c in eq. (9), should be selected within the expected range of 
eigenvalues associated with the elastic modes* Too small a 
value of c results in excessive roundoff errors due to K - cM 
being nearly singulrm^. 

(3) In the first execution of EIG, choose a small value for NDYN, 
perhaps as small as 2 or 3 for large structures. This will give 
the analyst useful informafion about 3ie eigenvalue distribution 
in maiy cases, providing a basts for determining whether vectors 
should be added or deleted In the ensubig execution. For example, 
^ suppose you want to compute vibrational eigenvalues from • 0 to 

100. ; and that you RESET iN^ 12, NDYl^ 3. if it is found that 
only the lowest three eigenvalue approidniatiohs axe less than 
100. , it would likely be reasonable in ffie ncTd; run to continue 
iterating on only the lowest five or six modes; e. g. RESET 
Ll= 1, 6. 

Generalb^, if p modes are to be computed, at least 1.2 p 
vectors should be used in Hie EIG iteriUlve process, since 
the higher eigenvalues may convei^e much more Slowly 
than the interior (close to zero) eigenvalues, depending iqton 
the Spread of neighborRig eigenvalues. 



EIG 


If good turnaround is availab^ (e. g» via an interactive 
terminal), it is almost always best to proceed in a sequence 
of short executions to avoid wasting computer resources by 
iterating on either too many or too few vectors. Note that 
the default operation <@XQT EIG, followed by input cards) 
Is to resume iteration on all vectors computed and stored 
in a libr£u:y In the last execution. 


(4) If a very large number of modes is required, it may be cost 
effective to make several shifts and compute clusters of 
modes spanning the desired eigenvalue range. The resulting 
several data sets can subsequently be merged, if necessaiiy. 


Cere Bequirements . In the following discussion, m is the number of vectors 
being iterated, L is the block length of the factored K (or K surrogate), and J is 
the number of Joints. There are two parallel reqtftrements, the second of which 
will dondnate in almost all cases: 


(1) 3m^ + 16 m , and 

(2) 2m + L + B 

where B is a pool area usable only in integral mulliples of 12 J. The I/O activity 
of EIG will <^ni|dsh linearly as B is increased in multiples of 12J. 

Code Release Data. Level 9, July 1975, coded by W. D, Whetstone. 
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Section 9 


DYNAMIC RESPONSE 


9 . 1 PRE LIMINARY INFORMATION 

The following subsections contain general information concerning terminol- 
ogy and solution procedures used in the dynamic response processors . 

9.1.1 Te rminology 

The purpose of this subsection is to detine terins and symbols that will be 
used in subsequent explanations of the functions , input data* and control require^ 
ments of dynamic response subprocessors . 



9. 1. 1. 1 Linear Systems. It is assumed that the reader is familiar with Rayleigh^ 
Ritz methods of dynamic response analysis. 


The basic equation of system motion is as follows : 


MU + DU + KU = P, (1) 


where 


U = system displacenient State vector (e.g. , a vector of joint motion 
components) 

M = system mass mafa:ix, 

K = system stiffness matrix , 

D =? system damping matrix , and 
P = applied loading, 


Generalized coordinates are defined as follows; 


U = 


where 


X 


= [X^ - - - X*“] 






4 


nx 


R - [R^ R^ - 


' Q 

r 


^ , and q = 

r 


nr 


( 2 ) 


(3) 




9.1. 1.1-1 




^ The X *s are generalized functions (usually vibrational modes); and the q**s 

are Gorresponding generalized coordinates ■ 

Prescribed base motion, if any, is defined by Rq^ . The R^'s 
are rigid-body ^motion vectors, corresponding to translation and rotation of a 
base point . The base point may be joint in the structure . 

The base point and all other joints enibedded in the rigid base must be 
constrained in the X^'s . If base motion is not prescribed, the X^'s are 
unrestricted . 

Ejcample . Suppose the motion of the base of the plane frame shown below is known, 
as are the tlme-^varying forces acting on joints 1 and 2 . 

Time^Varying 
Applied Loads . 



A typical selection of X^sand R's would be as shown on die next page. 



9. 1.1. 1-2 




1st Elastic Mode 2nd Elutic Mode 




Substituting Eq. (2) into Eq. (1) , then premultiplying by and 
respectively , gives Eqs. (4) and (5): 

X^M(Xqj^ + Bq^) + x‘d(X^ + R^j.) + X^K(Xcij^ + Rq^) - X^P, or 
X^^MXq^ + X*DXc^ + X*KXg^ = X% - X^MHq^, . (4) 

R^M(X^ + Rq^) + R^D(X^ + R4 j.) + R^(Xq^ + Rq^) = oi' 

R^P = R^MXq^^ + R^MRqj, . (5) 

In Eqs. (4) and (5), terms Involving KR and DR are dropped because R contains only 
rigid-^body- motion vectors. 






9. 1.1. 1-3 



The nodal force vector . P « Includes both the known active apfilied load- 
ing and the unknomi (reactive) forces associated with all Joints attadied to the 
base point . It will be convenient to define , the nonzero elements of which 
are the known applied forces , and P^ , the nonzero terms of which are the un- 
known external force required to produce the specified base motion; that Is; 

P = P + P (6) 

X r ' ' 

the right aide of Eq. (4) may be rewritten as follows: 

X*P « X^P, + X*P^ - X^P^ (7) 

It is a required characteristic of X fiiat «= 0 , since all points fixed to the 

rigid base must be constrained in each X^ . 


Using £q. (6), Eq. (5) may be reucritten as follows: 

R*P^ = R^MX^ + B*MR^ - R*P^ 

If the R^'s involve unit base motions t R^P is the vector of base reactions . 

r 


( 8 ) 


P is generally defined fn the following form: 

A 


- [P^ P^ ^ - 


a^t) 

2/.V 

a (t) 




« Fa 


( 9 ) 


the F^’s are applied force influence functions and the a*’ s are corresponding 
amplitudes. Using Eqs. (7) and (9), (4) may be rewritten as follows: 


X^MXqj^ + X^DXi^ + X^KXqjj = xVa - MRq^ 

9.1.1. 1-4 


( 10 ) 


uo 


9. 1.1.2 PieoeHifle IJxiear fVjncticaB of Xtm in FIJ FcnaoBBC. This diBcussicn 
is concerned witii pieceMise Unear x<^fl:eeaifcitlon of finetlflnt of the 
foU<wlns foctB* sudi as a and ^ in Eq (10) : 

k t 

«*» 

•"'w, 

PLF-format is tlvriermiBology used to refer to the foUewiiig method of 
representiiig such fanctfons as data seta witldn the data complex . Two data sets 
are invoivedi namely ; 

(1) TtldiE N2 ncaae n4 . and 

(2) N1 N2 noase n4 


The meaning of N2, pease , and |4 will vary, depending on the applica- 
tion. N1 will identic a particular functton array,' e.g. , CA, to represent a in 
£q. (10), or CQE2 to represent etc. The information contained in these data 
sets is summarized on the toUowiilg pf^e tor the case of array a in £q (10). The 
number of functions (a^ ’s) is nf« and the number of time polptB is nt. 


Value of 
NI,NJ in 

Data Set A^ , /TABI.E Data Content 

1*1 1*2 


TIMiE N2 ncaae n4 1, nt 
CA ■ N2 ncaae n4 nf, nt 


BEPSODUCIEttITY OF THE 

orichxal page is poor 


C ‘l ■ *2 ’ 

a*(tj) , a*#g) . 

8 . 1 . 1 . 2.1 


j = nt 


‘nt ] 


i * 1 

“'(•nt’ 

i * 2 


i* nf 



In the following example, nf ~ 3. nt - 4, N2 - X44, ncase = 70. and 


n4 = 1 . 



Time 


The following input to AtfS/TABLE would represent the above information: 


TABLE(NI- 1, m= 4); TIME X44 70 1$ nt = 4 

J= 1,4; .0, 10., 16. . 28.$ 

TABi.E(NI== 3, NJ= 4); GA X44 70 1$ nf =3, nt =4 


1= 1: J= 1,3: 700.: J= 4; 600.$ a ^ defined 
2; J= 1: 300.: J= 2,4: 100.$ defined 

1= 3; j= 1,4; 400. , 500. , 200. , 500.$ defined 
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9.1.2 Matrix Series Expansion Method of Transient Response Computation 

Given initial conditions for q and q , Eq. (1) may be numerically inte* 
grated by repeated application of Eq. (2) , to determine q and q at time t=0, 
A, 2A, 3A, . 


+ Kq = Q 


( 1 ) 


■q(t + Ay 


4(t + A) 



*11 *12 
*21 «'22 


4W 


'N N N -- N 

“lO "l2 ”lr 

N Nf N -- N 

”20 ”21 "22 ^ 2 r 


Q(t) 

Q(t) 

Q(t) 

d^Q 

dt^ 


<2) 


Equation (2) involves the assumption that Q derivatives above order r vanish 
identically. For example, if all elements of Q are piecewise linear functions 
of time , ^ and higher derivatives are identiGally zero . 

The W*s and N’s in Eq. (2) are defined In the follGwlng discussion. For 
simplicity, Eq. (1) is rewritten as 
q = Aq Bq + 17 

where 

A = -M j B = -M”^K , and tj = M""^Q , (3) 

The Taylor series expansions of q and q are 

q(t + A) = q(t) + Aq(t) + | A^ q<t) + 

q(t + A) = q(t) + Aq(t) + | A^ q(t) + — (4) 
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Using £q. (3) , Itifi^er derivatives of q may be eicpressed in terms of q and q , 
as follows : 

q » A2i 4- B4 -I- I) 

= A(A4 + Bq + q) + Bq + ^ 

= (A2 + B)q + ABq + Ai? + ^ 

Similarly, 

§ = (A^ + B)i| + AB4 + Af^ + fi 

” HA^ + B)A + ABH + (A^ + B)Bq + (A^ + B)t( + Af) + q 

In general . 


d*Vi 

-f = 1 = M + + Pn-l” * *’l ” <®> 


since 



R|j4 + + Bq + n) + 



(n-1) 
V . 


The recursion formulae for and are 


*^n+l ^ ^n®» beginning with 

< 6 ) 

= Identity matrix, and 
= Zero matrix 
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Substitution of Eq. (5) into Eq. (4) yields Eq. (7): 


q(t + A) 


q(t + A) 


q(t) + Aq(t) 

A? 

+ ^ [n^q{t) + P2^(t) + Pj <t)l 
a 3 

+fr tR3Q(t) + PsW + p^m + PiTj(t)j 

a 4 

+ w [V<t) + P44(t) + P37J(t) + Pg^Ct) + Pji}(t)] 

■f* * • « . 

4(t) 

+ A [R2q(t) + Pgqit) + P^<tH 

.2 

+%-fR3q(t) + Pg^m + p^Mt) + p^mm 

a 3 

+ f^tR4q(t) + P4q(t) + PgT?(t) + P24(t> + p^Ti(t>] 

^ * m * . 


(7) 


If £ terms are taken in the series f the W’s and N's of Eq. (2) are 
identified iii Eq. f7) as follows: 
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r 


Cil 


Wii = I . 




k=2 

I 


W 


12 




k = l 
j 


W. 


21 


^k 

k! “k+1 


k = l 
£ 


W, 


22 


k = l 


and, for j =0,1,2, — £-2, 




Lk^+2 

r I 


A 

p 

k! 


N 


2J 


Lfc=j+i 


.k 

p 

kl ^k-j 


M 


M 


-1 


-1 


( 8 ) 



Since 1962 , the method described above has been used by the writer in a 
number of appllGations , both linear and nonlinear. Nonlinearities , if present, are 
included in Q . 

Although a general analysis of convergence characteristies is beyond the 
scope of the prec;ent discussion, the following guidelines are suggested for appli- 
cation to linear systems . It is usually satisfactory to truncate the series at about 
ten terms [i.e., lOinEq. (8)]. Where p . is the shortest damped natural 
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period of the system, the series indicated by Eq. (8) will diverge as ^ approaches 
1/4 • Accordingly, it is usually best to select A near 1/8 • 1** 1**® 

special case of an undamped, uncoupled system, the accuracy of the approximation 
associated with the suggested parameters (i=*iO, 1/8 Pjjjjjj) would be as 

follow;:; ; 


sin 0^8-^ 


£ 

5! 


9 ^ 

tr 


9 ^ 

9! 


and 


cos 0^1 




8 ! 



v/here 0 = tt/ 4 . The above approximations are accurate to about 7 decimal places. 



9.2 


DR ~ LINEAR DYNAMIC RESPONSE ANALYZER 


Function. DR has no special RESET controls . Ail activities are initi<* 
ated by commands of the following form: 


PROG<p^= v^, Pg= Vg,— , 

where PRdC Is a DR subprocessor name, such as DTEX, and the argunient list 
is in the usual SPAR form, e.g. , 1NLIB=3, CASE^14, etc. Details of sub- 
processor function, input retiuirements , output, core recjuiremente, etc. , are 
discussed in the following subsections . 

C ode Release Data., Level 9, July 1975, coded by W. D. Whetstone. 



DR/ 

DTEX 

TRl 


9.2.1 Transient Response of Uncoupled Systems 

Subprocessors DTEX and TRl implement the numerical integration 
procedure outlined in Section 9. 1.2, for the specifd case in which: 

• X^MX , X^DX , and X^KX are diagonal matrices. As a result, the 
W's and N's in Eq. (2) of Section 9.1.2 also are diagonal. 

m The generalized forces are piecewise Unear functions of time . The 
generalized forces, Q (from Section 9. 1. 2 )t are generally identified 
as either or both of the terms on the right side of Eq . (10) in 
Section 9. 1.1. 1. 

The Gorrespondence between data set names recognized by these sub- 
processors and the terminology of Section 9.1 is summarized In Table 9.2. 1-1. 
The normal flow of information among processors is shown on Fig. 9.2. 1-1. 

As indicated in Fig. 9.2. 1-1, AtJS is normaUy the source of all data 
input for PR subprocessors DTEX and TRl. The analyst, using the various 
tools available in AUS, creates the input data sets required for each particular 
analysis . 


Typical DR control card input is as follows : 

@XQT DR 

DTEX (optional parameters) 

TRl (optional parameters , e.g. , GASE-26, — ) 
tRl(~-) 
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DR/ 

DTEX 

TRl 





QX N2 ncase 
QXl N2 nease 
QX2 N2 ncase 


QR 

N2 

ncase 

QRl 

N2 

ncase 

QR2 

N2 

ncase 


• Fig. 9.2. 1^1 Normal Flow of Information in ilnCoupled Linear Transient Response 
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DTEX 

TRi 


Tfible 9.2. 1-1: ^ta Sets Iiivolved in TrtnBient Responae of Unooivled Systems 


Data Sei_Name^^ 

NWORD8 

NJ 


Contems '^See Ea. IIOV. Section 9.1.1. 1 

XTMX N2 

— 

nx 

me 

nx 

Diagonal matrices and 

XTDX 

N2 

— 

nx 

nx 

nx 

l^KX. The number of vectors in X is 

XTKX 

N2 

— 

nx 

iix 

nx 

nx. 


pT 

N2 

— 

1 

1 

1 

- ... . .. ^ 

Integration-step al^, feoxn DTEX, 

DTEX 

N2 


nx>ll 

1 

nx 

Diagonal mat^rices Njq, 

^21* ^22’ ^21' ^ 
as defined in Section 9. 1.2. 

IQX 

N2 

ncaSe 

nx 

1 

nx 

Init ial 

iQXl 

N2 

ncase 

me 

1 

nx 

Initial 

IQR 

N2 

ncase 

nr 

1 

nr 

Initial 

IQRl 

N2 

nease 

nr 

1 

nr 

Initial ^ 

XTF 

N2 

noase 

nx*nf 

nf 

nx*nf 

X*F 

The number of veotors In F is nf . 

XTMR 

N2 

ncase 

mc*nr 

nr 

nx*nr 

The number of veotors in R is 

TIME 

N2 

ncase 

nt 

nt 

nt 

In FLF format (see Section 9. 1.1.2) 

CA 

N2 

ncase 

nf-nt 

nt 

nf*nt 

TIME and CA define a 

CQR2 

N2 

ncase 

nr*nt 

nt 

nr'nt. 

TIME and CQR2 define 

A 

N2 

ncase 

n«nf 

tn 

nf*m 

a 


QX 

N2 

ncase 

- n*mc 

m 

nx*m 

**x 


QXl 

N2 

ncase 

n*nx 

m 

nx*m 


TRI output data sets . Each column 

QX2 

N2 

ncase 

n*me 

m 

nx*ra 


corresponds to an integration time 
point. Block lengths are readjusted 

QR 

N2 

ncase 

n*nr 

m 

nr*m 

% 

internally to synchronize the output. 

QRl 

hT2 

ncase 

n*nr 

m 

nr*m 



QR2 

N2 

ncase 

n»nr 

m 

nr*m 

«r 


’*'The user selects both the 

N2 <alphanumeric) and ncase (integer) IdentiRers . Hie 


fourth word of the naxne of ^ these data sets is masked hy the DTEX and TRI 
subprocessors. 



DR/ 

DTEX 


• 4 V 9.2. 1. 1 DTEX Command. The function of the DTEX suhprocessor is as indicated 

on Fig. 9.2. 1-1 and Table 9.2. 1-1. DTEX is entered via the following statement: 


DTEX(Pj= Vj , Pg= Vg 


DTEX control parameters are summarized below. 


Parameter Default 

Name Value. Meaning 


INUB 


Data source library* ff data set XTDX N2 is not present, an 
undamped system is assumed. 


N2 


MASK N2 of input data set name XT MX N2 — . Output data set N2 
is the same as in XTlDc N2 — . 


DT 


XTERMS 10 
OUTLIB 1 


Integration step size . Default is one eighth of the smallest 
undamped period . 

Number of terms in matrix series expansion . 

Destination library for output data sets , 


Gore Reouirements . Data space requirements are approximately 22 nx. 
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DR/ 

TRl 


9. 2. 1.2 the TRl Command. Figure 9. 2. 1-1 and Table 9.2. 1-1 indicate the func 
tion of TRl. TRl is entered through the following command. 

TRl(Pj= Vj, 

The control parameters are summarized below: 

Parameter Default 


Name Value Meaning 

INLIB 1 Data source librai^^. 

N2 MASK N2 of input data sets . Default N2 for output data set is the 

same as In DTFX N2 . 

CASE 1 Value of ncase. 

T1 ’^1 Numerical integration start/ stop times . Defaults are 

T2 “ I beginning and ending times in TIME N2 ncase. 

A LIB 1 Destination libraries for output data sets A, QX, QXl,— 

No output is produced if the associated library Is 0, or if 
QXLIB 0 the quantity is not defined (i.e. » if no GQR2 exists, QR2 

QXILIB 0 will not be produced) . 

QX2LIS 1 p 


QRLIB 0 

QRILIB 0 I 

QR2LTB 1 J 

LB 396 Nominal block length of output data sets . 


Figure 9.2, 1-1 lists all of the input data Sets recognized by TRl. If any 
of these are not present in the data source library, the associated information is 
considered to be null (all zero’s). That is, 

• if IQX is not present, generalized displaGements, q„, are zero at 
time = Tl. 


• If IQXI is not present, = 0 at time = Tl. 


O 
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L10 t>B/ 

TRl 

If IQR is not present, » 0 at time » Tl. 

If IQRl Is not pFesent , ^ ^ 0 at time Tl. 

If XTF Is not present, X^F = 0. 

If XTMR is not present, there is no prescribed base motion. 

If GA Is not present, XTF is not present. 

If GQR2 is not present, XTMR is not present. 

In performing the numerical tntegnitlon procedure indicated by 1^. (2) , 
Section 9.1.2, TRl assumes that the geneTallsed forces are piecewise linear; i.e. , 

Q and higher derivatives are identically zero, within each time step, A . The 
value of Q during the time interval JA ^ t < A + jA ^ is assumed to be 

j !«,<& + JA) - %(3&) I 

where and are the ith elements of Q and Q. This approxinaatlon should 
be taken into account when selecting time points for PLF input, and in choosing DT 
in DTEX, although it will rare.iy introduce significant error. 

Core Requirements . The required data space is approximately the sum of the 
following: 

11 nx (to accommodate DTEX N2) 

+ one block of each i^ut and ouiput data set 
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DR/ 

BACK 


9.2.2 B^ick Transformation Via the BACK Command 


This subprocessor is entered through the following command: 


BACK(p^= Vj. pg* Vg.— 

The function of BACK is to perform a transformation of the following form: 

Z " Zo * ■*'1^1 + Vi * Vi * * Vt 


The output array Z is a function of time. Z contains nz rows. Z„ is 
a constant vector. The T|^*s are transformation matrices, and the Y^^'s are 
functions of time, represented by data sets such as QX, QXl, QX2, QR, etc. , pro-^ 
diieed by DR/TRl. Each Yj^ must contain data for nt time points . Tj^ contains nz 
rows (one for each output quantity), and nyj^ columns, where nyj^ is the number of 


rows in Y 


k • 


The Y's may reside In multi-block data sets, but the T's must be 


single block data sets. The T's are usually arrays of stress or displacement 
eigenvector components constructed via AUS/TABLE/TRAN. 


Output consists of either or both of the following: 

(1) The time history of Z, in a format similar to that of Q, QX, etc. 

(2) Maximum and minimum values of each element of Z, and the times 


of OGGurrenee. 


DR/ 

BACK 


After the BAGK{pj^= ,---) Gommand, additional commands of the 
following types may appear. 


Command 

ZC = Data set i . d . ^ ^ 
T= Data set i.d. ^ 
Y= Data set i.d. ^ 
Z= Data set i.d. 

EXT= Data set i.d.^’^ 


Meaning 

identifies Z . Z = 0 if this eommand does not appear . 
G c 

T identifies a transformation, Tj^ . This command must 
be immediately followed by a Ys= Data set i.d. eommand. 
Any number of such pairs of commands is allowed . 


Name of output data set containing the full time history of 
Z. This data set will not be produced if this command is 
not present. 

Name of output data set contaihihg extreme values of Z 
elements. This data set will not be produced unless this 
command is present . 


(1) Input data set i.d. 's are in the following form (underlined words are optional): 

C, LS, Nl, n3, n4, nskip 

The floating-point constant G, which multiplies the named data set, may be 
omitted (i.e. , default C=^ 1. G). If Lib is draitted, the data set is in the 
nominal SOURCE library designated in the BACK command. For Y = - — , 
nskip means that matrix Y Is defined to begin after the first nskip vectors 
(time points) in the data set. 

(2) Omitted trailing parts of data set names are MASK-ifilled . 

(3) Output data set i.d, 's are in the following form: 

Lib Nl, N2, n3, h4 

if Lib is omitted, the output goes to the library designated by the DESTINATION 
parameter in the BACK command . 
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DB/1 

BACK 


the following control parameters may be defined wittdn fim 

BACK( p^- 


•) statement: 

Parameter 

Default 

% 

Name 

Value 

Meanina 

SOURCE 

1 


Nominal data source library. 

BEST 

1 


Nominal destination library for output data sets. 

Ml 

M2 

1 


Z*s are computed for time points Ml, Ml+1, 
Default is the last time point, which must be the 

same in each Y^. 

TSTART 

.0 ] 

- 

the time-^f-ooourrenoe data associated with maximum 
values of Z elements is controlled by these parameters. 

DT 

i.o! 


tSTARt is the time corresponding to Ml, and DT is 
the time Increment between successive time points. If 
Dt is not given here, an attempt will be made to locate 
it in a data set named DT N2 BIA^ MASK, where N2 is 
the second word of tiie name of the data set appearing on 
the last T» command. 

PRINT 

1 


Any nonsero value causes direct printout of max/min 
and time-of-ooourrence data. 

BIG 

1. X 10^® 

Number uaed to Initialise max/min scan. 

FMAX 

-l,,x 10^0 
«h 

U max/min data are printed, data for an element will be 
displayed only if the rnammum exceeds FMAX or the 

FMIN 

1. X 

; 10" 

minimum is less tiian FMIN. 

LRZ 

S96 


Nominal block longth for Z output, if an^'* 

N3REPEAT 

i 


Ibe efiect of these parameters is to cause the entire 
transformation process to be repeated for multiple 

N4REPEAT 

1 1 


response cases. Each repetition involves incrementing 
(by one) n3 and n4 of the names ^ all input and output 
data set names, excent for the 


Qit suc^essl^ atfcutlone of BACK (widifti the ««"» SR execu^on) , Se 
paraipeteirs defijned above retain the values they bad durii^ tile imnedl'? 
ately preceding CKecu^xn except for FMfOC, fMm, BIG, tSIAECT, and BT. 
vhich revert to tiie d^ault '^ues ia^cated above. 
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BACK 


Core Reaiiigemento. The required date space is aiqiraadiiiAtely 


5 ttmes ns 
f 


+ y (Blodc length of Tj^ -i* block length of Yj^) 


+ Block length of Z output, if any. 


It should be noted that BACK U designed to function eflloiently when transforming 
a limited number of quantities; l.e. , nz Should not often exceed a few hundred, 
and should be held as small as possible if many time points are involved. 


Track inertia forces^ 

BACK: 2f INERTIA FORCES 1 1: MX: Y» QX2| 
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GRAPHICS 

Figure 10- 1 illustrates the function of plot programs 
PITA and PLTB, which are described in detail in Section 10.1 
and 10.2. It is suggested that the new user examine the 
examples shown In Section 10.3 before reading 10.1 and 10.2. 


User input defining one or 


each of which Identifies a 
certain collection of elements , 
view angles, titles, etc. 


Basic definition of the 
structure, resident in 
data sets produced by 
TAB and ELD in SPAR-A 



Data sets, resident in 
containing the "plot 


G6S 

XXX 

1 

J 1 

SPEC 1 

G6S 

XXX 

1 

2 J 


GGS 

3PEX 

2 

J 1 

SPEC 2 

66S 

« 

XXX 

2 

2 J 

* 

GGS 

3GKX 

n 

^ 1 

SPEC n 

GGS 

XXX 

n 

2 J 


User input selecting 


cases* display options* 
etc . 



Displacement s * stresses, 
vibrational modes, 
buckling modes, in 
user-selected libraries . 


Graphical Display 


Fig. 10-1 FLTA - PLTB Data Exchange 


LIO 


10. 1 PLTA - PLOT SPECIFICAtlOH GENERATOR 

Function . As shown on Fig. 10- 1, PLTA Is used to produce 
data sets containing plot specifications . The data input sequence 
Is as follows: 


^XQT PLTA 
SPEC nspecj^ 

Optional control statements 

establishing view angles » Joint Input defining plot 

labels, titles, etc, specification nspec^ 

Geometric composition commands 
establishing which elements are 
to be shown and/or which Joints 
are to be Interconnected by lines 


SPEC 


nspec2 


Optional control statements 
Geometric composition commands 


Specification nspec 2 


Th >ptional control statements and the geometric composition 
commands are explained in Sections 10.1.1 and 10.1.2, respec- 
tively. The SPEC command may also have the form SPEC, nspec, n, 
in which case the group title (see ELD) for group n of the last 
type of element named in the geometric composition commands will 
appear as line I of the plot specification title. (See also the 
STITLE command in Section 10.1.1). 

table PLTA-l summarizes all PLTA commands. 


10 . 1-1 


TabU PLTA-l: 


Sinnnary of PLTA CoaBBands 


SPEC nspec , n 


Optional control statemants: 


STITLE' 

Title line 1 

S2TITLE' 

Title line 2 

TEXT' 

Text line 

SYM 

laxls 

ANTISYM 

laxls 

ROTATE 

*1' ^1' *2* ^ 2 * 

LROTATE 

» lj^» ®2 * ^2-* 

VIEWS 

Vi. V2» V3, n 

LOCLABEL 

Iqiiad, lx, ly 

JLABEL 

^1* ^1' ^2* ^ 2 * 

AXES 

®1» ®2* ®3’ \* 

margin 

percent 


^3 

• 3 ‘ ^3 



Geometric Compos tlon*. 


ALL 

FORMAT 0: 

EIJ 

Index index2 Ijnmp group group2 gjump 

FORMAT 1; 

EIJ 

group^/group2 > list of indexes 

FORMAT 2: 

EIJ 

index^/index2i liat of groups 

CONNECT 

h 

4a J3 * " " 

LCONTROL 

j shift, nrepeat, Inc 

LINES 

h 

h h ’ " * 



VLTA 


Reset. Controls . 



Default 


Name 

Value 

MeanlnK 

GGSL 

16 

DeBtlnatlon Library, plot 
specif ieat ions 

SDEF 

21 

Destination Library, temporary 
data sets produced by PLTA 


Core Requireinents . The working data space requirement is 


approximately the following. 

3500 + 8 * (the number of joints in the structure) 

■f the number of words in the MiTREF data set (from TAB) 

Code Release Data. Level 10, March. 1976, Uni vac, GDC. 
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FUA 


' UO 


10.1.1 Optional Control Parameters 


S t a t ement_Fontt 

STItLE ' 40 characters 

S2TITLE ' 40 Characters 


Ifeaning 

Lines 1 and 2 of the plot 
specification title. 


TEXT ' 70 characters 


SYM iaxis 

ANTISYM iaxis 


VIEW= view 

LRGTATE ±2 ^ 13 

(dj ij and dj 1.3 
are optidnal.) 


(See dteo the ROTATE 
eommand on Rage 10,1-6) 


A line of text to appear on 
a separate frame preceeding 
the frame(s) generated by this 
specification. A maximum of 
41 TEXT statements are per- 
mitted. Default is no TEXT. 

These commands may be used If 
the finite element model is a 
half-model of a symmetric 
structure, with the symmetry 
plane normal to the global axis 
icncis. To plot symmetrical 
modes or static deformations of 
the complete structure, select 
SYM* iaxis. To plot anti- 
symmetrical deformations , 
select MTI- iaxis . 

These commands control vi^ew 
angles. Through the LROTATE 
Gommand, the user specifies the 
orientation of a plGt__re.f.ere ice 
frame . as follows:^ 

Beginning with the plot reference 
frame coincident with the system 
global frame ( 1 ) rotate the plot 
reference frame d^^ degrees about 

its axis, ( 2 ) from the result^ 

ing position, rotate the plot 
reference frame 6.2 degrees about 

its i .2 axis, then (3) from the 

resulting position, rotate the 
plot reference frame d^ degrees 

about its i^ ^is , All of the 

d’s are integer degrees . 
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REPRODUGBiLri'Y OF TlliS 
ORIGINAL PAGE iS POOR 



Meaning (Cont.) 

For example » 

LROTATE 15,3, 20,1, 70,2 means 

e Rotate 15 degrees about the 
3 -axis , then 

e Rotate 20 degrees about the 
1-axis , then 

e Rotate 70 degrees about the 
2^^1s, to establish the 
orientation of the plot 
reference frame. 

The VIEW parameter, which may 
assume values of 1 , 2 , 3 , - I , - 2 or 
-3, designates which of the 
following six views is to be 
displayed. The £oces shown are 
those of the P-io_t . reference 
f^rame : 


3 

t 


VIEW-l 


*-3 

VIEW“2 


2 

a 

^ 1 

ViEW»3 


2 3 1 


/i i 


3-3 



VIEW- - 1 VIEW— 2 VIEW-- 3 


To obtain 2 views on separate 
frames, the fpllowlng cononand 
is used : 

VIEWS- view^, vlew 2 

For 3 views, each on a separate 
frame, the command Is 

VIEWS- viewj^, view2* view^ 


Statement Fomp (Cont.) 


ROTATE d^ ±2 ^ 

(d£ i-2 <^3 ^3 

are optional.) 


AXES o^ ©2 ^2 ^^>3 


MARGIN* pereent (integer) 


Meaning (Gent.) 

To obtain nmltiple views on a 
single frame, use the following 
comDand: 

VIFWS- viewj^, view2, view^, 1 

The resulting form of display 
is as follows: 


nocmal display 

The default is VIEWS* 1, 2, 3. 

This is an alternate method of 
prescribing the orientation of 
a plot reference frame , as 
follows : — 

Beginning with the plot referenGe 
frame GGineident with the system 
global referenGe frame (1) rotate 
the global reference frame 

degrees about its axis, (2) 

from the resulting position 
rotate the global reference 
frame degrees about its 

axis, (3) from the resulting 
position, rotate the global 
reference frame degrees about 

its axis. All of the d's 

are integer degrees . 

A set of Goordinate ^es are 
plotted parallel to* the global 
reference frame axes. The 
origin will be loGated at 
(0|j^, 02, ©p . The length of 

the plotted axes Will be 
S^, %2* ^ 3 * 

PerGentage of the plotted frame 
allotted for margin. 

Default is MARGIN- 12 
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Statement: 

LOCLABEL 

JLABEL 


Form (Cont.) 
Iquad, lx* iy 
jl li, J2 I2’ 


iquad-2 ABCp.ABGD 
iquad-3 iquad-4 


Labels may be shifted by raster 
counts lx and ly from the 
nominal positions shown above. 
Default LOCLABEL" 4, 0. 0. 

LOCLABEL and JLABEL contnands 
may be repeated, and remain in 
effect throughout PLTA execu- 
tion. For example: 


SPEC 3 

JLABEL 10 . X4O0 
* 

SPEC 1 7 

(the label X400 will still be 
be attached to joint 10) . 

To remove a!U; joint labels 
previously' defined , insert the 
command JLABEL , followed by 
no ^ ^ ” P^^Ameters. 


Meaning (Cont . > 

An alphameric label. 1^. will 

be displayed next to joint 

I 2 next to j 2 > and so forth. 

Each label must begin with a 
letter, and may not exceed 4 
characters. The following 
shows, the position of a jblnt 
label. i^CD, relative to the 
joint (■♦'), if lx and -iy 
are zero. 
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Hie command AIX indicates that the entire finite element 
model is to be included in the specification. Otherwise, 
selected finite elements to be included are Indentifled by 
element type, group and index. Optional formats are provided 
for selecting specific elements. The command statement, 

FORMAT* f, designates the prevailing format option. Default 
is FORMAT* 1 . A format designation will remain in effect for 
subsequent specif iGations until a FOl^^T command is encountered, 
Switching back and forth among formats is unrestricted. 

Where EtJ indicates the element type (E21, E43, etc.) 
and group and index refer to group and Index numbers , element 
selection is achieved through the following comi^nds : 


FORMAT*0 ; 

EIJ 

index^ , index 2 , 

ijxjmp, group group 2 , gjump 

FORMAT*! : 

EiJ 

group j^/group 2 , 

(list of indexes) 

F0RMAT*2 : 

EIJ 

index^/ index 2 , 

(list of groups) . 


Example: 

Geometric Composition 

Selected 

Element 


Commands 

Group Nos . 

Ijidex Nos . 


FORMAT*© 

2 

3, 6, 9, 12 


E33 3. 12, 3, 2, 10, 4 

6 

10 

3, 6, 9, 12 
3. 6, 9, 12 


FbSJlAT-1 

5 

16, 27, 28, 

29, 30 

E21 5/7, 16, 27/30 

6 

16, 27, 28, 

29, 30 

7 

16, 27, 28, 

29, 30 

E43 4 

4 

all group 4 

143 's 

E31 1, 7, 8, 10, 12 

1 

7, 8, 10, 12 

FORMAT-2 
£41 26/30, 6 

6 

26, 27, 28, 

29, 30 

E23 7, 3/4 

/ 

3 

7 


4 

7 
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PLEA 


two addlclonal goometric composition commands are provided 
for generating lines interconnecting specified joints. 


Lines 

ComEiianjl 


CONNECT ji j2 • • ’ ^n 


LCONtROL j shift nrepeat inc 
LINES 


Meaning 

Line images are constructed 
connecting Joint to ^ 2 * 

H H’ • * * ^n-1 -^n* 


One Or more LINES commands 
build up a joint number 
sequence which is m^lpulated 
by an LCONTROL command (shifted, 
repeated , incremented) to 
construct a joint number array 
to be interconnected on the 
plot. 


Example : 

Commands 

CONNECT 402/404, 411 

LCONTROL 10, 3, 100 
LINES 2/4, 9, 11 
LINES 22/24 


CONNECT 128/130, 140 
CONNECT 152, 178 


Interconnected 

Joints 

402, 403, 404, 411 

sequence 1; 12 13 14 19 

21 32 33 34 

sequence 2: 112 113 li4 119 

121 132 133 134 

sequence 3: 212 213 2l4 2l9 

221 232 233 234 

128, 129, 130, 140, 152, 178 
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10.2 PLTB - PRODUCTION OF GRAFHIGftL DISPLAYS 

Function . As shown on Figure lO-l, PLTB (or PLTB/TER 
when using Tektronix scopes on the U'^IIIO) , Is used to produce 
graphical displays. TO cause Inages corresponding to plot 
specifications spec^ through spec2 to he displayed, the 
following GOiDDiand is given: 

PLOT spec^, spec2 

the form of display resulting from a PLOT command will depend 
on the current values of an erray of execution control param- 
eters which the user selects through the control statements 
summarized below. The PLOT statement and all control state- 
ments may appear any number of times during the single PLTB 
execution. 


Control 

Statement 


DlSPLAY-UNpEf ormed . 

STATIC deformation, 
VIBRatlonal mode, 
BUCKilng mode, or 

DiSPLAY-SX, TXY, . . . 


leaning 

Display mode selection. 

Default is DISPlay^UNDEformed. 


Selected stress or Internal 
load data is displayed. See 
examples in Section l0.3. A 
complete list of available 
stress quantity display symbols 
is given in Table 10.2-1. 

The following form is also 
permitted (underlined quan- 
tities may be omitted) : 

DISPLAY*g X/dtv . node , loc . TXY 

SX is divided by div . Div must 
be greater than or equal to l . 


10.2-1 


Control 

Statement (Cont.) 


Meaning (Cont.) 

node Indicates the element 
node (1, 2 , etc.) at which 
the stress is to be evaluated. 
For 3 and 4 node elements, 
node 0 is the center of the 
element. 


BNOBM^dnorm 


INLIB»inlib 

SET»«nset 

CON-ncon 

CASES^case^^, case2 
or 

VECTORS»vect]^, vect2 

(The Qontvot atatementa 
GASES and VECTORS are 
aynonymoua . ) 

OPflONS^j^, H2 - - - 


For 3 and 4 node elements, 
loc values of 0, 1, and -1 
indicate mid, outer, and 
inner surfaces, corresponding 
to points C, A, and B (in 
order) on Figure 7.3-1 (PSF) . 


NOTE: Stress data may be 

plotted only for complete 
element stress data sets 
produced by 6SF. That is, 
the user must not restrict 
GSF Output to a limited nuadser 
of element groups, if it is 
to be read by PLTB. 


When plotting deformed struc-^ 
tures, (i.e,, if DISPLAY>STAT, 
or VIBR, or BTJGK) , j oint 
displacements are normalized 
to dnorm. This command must 
be given, since there is no 
default Value. 

The following source data , if 
needed as a result of the 
prevailing DISPLAY statement, 
will reside in inlib. 


STAT 

DISP 

nset 

neon 

VIBR 

MODE 

nset 

neon 

BUCK 

MODE 

nset 

neon 

STRS 

EIJ 

nset 

i. 

for i 

-case. 

, .case. 

1+1 » 


Default values are INLIB^l, 

SEf-1, CON-1, CASES^l. 

List of options. See Table 10.2-2 


RES'ROPUCiBiLITY (J?' 
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I Table 10*2-1 Summary of Available Strata Display Symbols 

Applicable Element 
£31 E32 E33 


Symbol 

Meanlns B21 

E41 

E42 

E43 

SMAX 

Maximum P/A + My/ 1 beam stress 

X 




SMlN 

Minimum *' " ” »» 

X 




P/A 

Axial beam stress 

X 




SI 

Dir. 1 beam shear stress 

X 




S2 

Dir. 2 " 

X 




TS 

Beam twisting stress 

X 




sx 

Normal stress* element x-dir. 


X 

X 

X 

SY 

" " ” y-dir. 


X 

X 

X 

TXY 

In -plane shear stress 


X 

X 

X 

PSl 

Maximum prinGipal Stress 


X 

X 

X 

PS2 

Minimum " ” 


X 

X 

X 

TNAX 

Maximum shear stress 


X 

X 

X 

AN6 

Angle between x-axis and PSl vector 

X 

X 

X 

NX 

Normal stress resultant, x-dir. 


X 


X 

NY 

" " y-dir. 


X 


X 

NXY 

In-plane shear stress resultant 


X 


X 

PNl 

Maximum principal stress resultant 

X 


X 

PN2 

Minimum •’ « 


X 


X 

NMAX 

Mmclmum shear stress resultant 


X 


X 

NANG 

Angle between x-axiS and PNl vector 

X 


X 

MX 

Bending stress resultant, x-dlr 

• 


X 

X 

MY 

" '• " y-dir 

• 


X 

X 

MXY 

Twisting stress resultant 



X 

X 

QX 

Transverse shear resultant, x-dir. 


X 

X 

QY 

" " " y^dlr. 


X 

X 



T. if- 


vsm 


Type 

E44 


X 


X 
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Table 10.2-2 Meuilng of OPTION N^rlcal Codes 


Desegiptlon of Option 


Specif leatton Gontrol 

^lot error free dpeeiflcatlona 
only 

Plot all specifications 
ignoring error status 
Plot all specifications 
appearing on a single 
PLOT ec^^nd to the 
same scale 

Frage Labeling 

omit deformation identification 
label 

Omit speGlflcatlon titles 
Omit "SPEG” Identification 
Omit "SCALE" 

Omit all frame labeling 
Collapse margin and omit all 
iabeis 

Geome tr 1 e Cons tr nction 
“ Dotted deformed structure 

Curved lines, defonDed structure 
Superimpose deformed/ undeformed 
structures 

Dotted undeformed structure 

Plot Content 

Joint n®)ers displayed 
Joint elimination order displayed 
Joint labels displayed 
Element index niters displayed 
Element group-index numbers 
displayed 

Element section property group 
displayed 

Element stress display size 
J^Node elements are shaded 
4-^Node elements are shaded 


Option 

Numeric Code 


1 

2 

3 


4 

5 

6 

7 

8 
9 


24 

25 

26 

■27 

Small _Char . 
— IF”'-- 
13 
15 
17 
19 

21 

29 

22 (no size control) 

23 (no size control) 



12 

14 

i6 

18 

20 

28 


Notes : 

Select no more thao one from options IQ, 11,12,13. 

Select no more than one from options 14,15. 

Select no more than one from options 16,17,18,19,20,21,28, 29 . 

Options 16-21 may Only be used in conjunction with 
DISPLAY=UNDEformed . 


uo 
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Rgaet Controls , Thtro nr« no spnelsl rcsot controls. 


Core Requtreipsnts . \Riere J is the nunA»cr of Joints in the 
structure, the working data space requirements are as follow. 

For plotting undeformed structures: 2000 + J 

For plotting deformed structures : 2000 + 13 J 

For plotting stresses: 2000 + J 4* the length of 

one block of stress input 
data. 

Code Release Oata . Level 10, March, 1976, Uhlvac, CDC. 
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10.3 GRAPHICS EXAMPLES 

The following plots illustrate various examples of 
PLTA and PLTB executions. The plotted images were created 
with a COMp 80 microfilm system. 


•t. I 
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§XQT PLTA 
SPEC 5 

STITLE’ CONICAL INTERSTAGE 
S2TITLE' COMPLETE SPAR MODEL 
ROTATE 30, 1, 30. 2, 30. 3 
VIEW 3 

AXES 0. 0. 382. 10. 10. 35. 


eXQT PLTB 

RESET CORE- 40000 
DISPLAY* ONDEFORMED 
PLOT 5 $ Frame A 

DISPLAY- STATIC DEFORMATION 
CASES- 1 
DNORM- 5. 

PLOT 6 $ Frame B 




ROTATE 30, 1, 30, 2, 30, 3 
VIEW 3 
E21 1/4 

SPEC 7 @X0T PLTB 


ROTATT 30, I, 30, 2, 30, 3 
VIEW 3 
SYM 2 
E21 1/4 


OPTIONS 9 
PLOT 6, 7 


RKPRODUCTBIUTY ok ll!!- 
ORIGINiVL PAGE IS 1'0< T 



uo 

J I 

vibrational mode. FREQ C HZ D . 6 1 9982 X 1 O'*’ ^ 10=100/1/12 


I 




SPEC llOOKV SINGLE CIRCUIT TOWER 

2. I 


< 2 . 


56 ^ 

scale 


@XQT PLTA 


iXOT PLTB 


SP£C 2 

STITLE' llOOKV SINGLE CIRCUIT TOWER 

VIEW 3, -2, 1, 1 

ALL 


DISPLAY- VIBRATIONAL MODES 
SET= 100 
CASES- 12 
DNORM- 50. 

OPTIONS- 26, 27 
PLOT 2 
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> 0S03X 10*°’ 


0XQT PLTA 
SPEC 1 

STITLE' llOOKV SINGLE CIRCUIT TOWER 
ROTATE - 30. 3, 15, 1 
VIEW - 2 
ALL 
SPEC 2 

» STITLE' llOOKV SINGLE CIRCUIT TOWER 

^ VIEW 3. -2, 1. 1 
ALL 

IO»IOO-'W2 1 

eXQT PLTB 



DISPLAY. VIBRATIONAL MODES 
SET- 100 
CASES- 2 
DNORM- 50. 

OPTIONS- 26, 27 
PLOT 1, 2 $ Frames A St B 
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The following data input sequence produced the plots on the 
adjacent page: 

@XQT PLTA 
SPEC 1 

JLABEL 13 DO 211 D90 428 D180 637 D270 
STITLE' ENGINE MOUNT RING, 28 TO 78 DEG 
S2TITEE'E43 GROUP 1, E33 GROUP 1 
AXES 0. 0. 382. 10. 10. 35. 

ROTATE 30, 1, 30, 2. 30, 3 

VIEW 3 

add outline data’^ 

FORMAT 1 
E43 1, 9/50 
E33 1 
SPEC 2 

STITLE^ ENGINE MOUNT RING, 28 TO 78 DEG 

S2TITLE' E43 GROUP 1, E33 GROUP 1 

VIEW 3 

FORMAT 1 

E43 1, 9/50 

E33 1 


@XQT PLTB 

DISPLAY = UNDEFORMED STRUCTURE 
OPTIONS^ 14, 22, 23 
PLOT 1 $ Frame A 

DISPLAY= TMAX/iOO., PSl/lOO. , PS2/100. 
OPTIONS= 28 

PLOT 2 $ Frames B, C and D 


^Outline data consists of a sequence of "LINES" and "CONNECT" commands. 
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The following data input sequence produced the plots on the 
adjacent page: 

eXQT PLTA 

SPEC 3 

JLABEL 13 DO 211 D90 428 D180 637 D270 

STITLE' CONE SURF ACE, SEGMENT AT 50 DEG 

S2TITLE' E33 GROUP 10 

ROTATE 30, 1, 30, 2, 30, 3 

VIEW 3 

add outline data* 

FORMAT 1 
E33 10. 158/213 
SPEC 4 

STITLE' CONE SURFACE, SEGMENT AT 50 DEG 
S2TITLE' E33 GROUP 10 
ROTATE -141 3 

VIEW 3 
FORMAT 1 
E33 10, 158/213 

?XQT PLTB 

DISPLAY= UNDEFORMED STRUCTURE 
OPTIONS= 14, 22 
PLOT 3 $ Frame A 
OPTIONS= 10, 16 
PLOT 4 $ Frame B 
OPTIONS= 12, 20 
PLOT 4 $ Frame C 
OPTIONS= 10, 20 
PLOT 4 $ Frame D 


♦Outline data consists of a sequence of "LINES" and "CONNECT" commands. 
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CONE Surface. 
E 13 G»OuP 1 0 


SEGMENT AT ZQ OEG 


» KM * 


feiSK^M 


Vtc CONC SU^^ACE. ftEOHCNT AT 90 OCO 

.4*1 £33 QPOUP 10 


■IZAfVprH 


Is^ 




Mm 

MM 

JSil^ 
JSIHIIBS, 

MIM 


.- V *\ . 

t 3 1 5 n 


CONE SURT/kCE. 
E33 G»0or 10 


segment at ^0 OE'. 
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The following data input sequence produced the plots on the 
adjacent page: 

0XQT PLTA 
SPEC 3 

JLABEL 13 DO 211 D90 428 D180 637 D270 

STITLE' CONE SURFACE, SEGMENT AT 50 DEG 

S2TITLE' E33 GROUP 10 

ROTATE 30, 1, 30, 2, 30, 3 

VIEW 3 

add outline data* 

FORMAT 1 

E33 10, 158/213 
SPEC 4 

STITLE' CONE SURFACE, SEGMENT AT 50 DEG 

S2TITLE' E33 GROUP 10 

ROTATE -140, 3 

VIEW 3 

FORMAT 1 

E33 10, 158/213 

0XQT PLTB 

DISPLAY^ UNDEFORMED STRUCTURE 
OPTIONS= 14, 22 
PLOT 3 $ Frame A 
OPTIONS- 10. 16 
PLOT 4 $ Frame B 
DISPLAY= SX/100. . SY/100. 

OPTIONS= 28 

PLOT 4 $ Frames C and D 


♦Outline data consists of a sequence of "LINES" and "CONNECT" 
conunands. 
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Section 11 

SUBSTRUCTURE PROCESSORS 

It is assumed that the reader Is familiar with substructure 
methods of vibrational and/or buckling analysis. Figure 11-1 
illustrates typical flow of information among processors SYN , 
STRP, and SSBT, the functions of which are defined in Sections 
11.2, 11.3, and 11,4. In Section 11.1, definitions are given 
of terms and symbols which are used in subsequent discussions 
of processor functions . 

Assembled system mass and stiffness matrices, SYN M and SYN K, 
produced by SYN and operated on by STRP, are in LE (labelled 
element) format, which is sometimes called "strip format." 
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From TAB and/or AUS & DCU, 
in library 1: 

System joint locations 

Orientation of system joint 
reference frames 

Explicit constraint of 
system joints 

System joint relative 
constraint vectors 


User input defining 
how substructures are 
interconnected to form 
the assembled system. 



Assembled system mass 
and stiffness matrices, 


From EIG. SSOL, AUS/SSPREP, 
AUS/SSM, AUS/SSK, and/or 
from external sources via 
DCU/XLOAD: 

In library nu^: 

Data sets defining 
substructure Ssid^ 


In library nu 2 ; 

Data sets defining 
substructure Ssid 2 


Etc. 


SYW M, and SYN k' 



t 


Eigensolution, assembled 
system, 

SYS EVAL, and SYS EVEC 



System joint motion 
eigenvectors, relative 
to the system global 
reference frame, SYS JMG. 


Also see Figures 11.1-1, 
11.2-1, and 11.4-1 


Individual substructure 
eigenvectors in SYSVEC 
form: 

USB Ssid^ 

USB Ssld2 
Etc. 


Figure 11-1 Typical Information Flow in Substructure Analysis 
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li.l TERMINOLOGY 

A system consists of two or more substructures interconnected at system 
joints , as iJlustrated on Figure 11. 1-1. Each substructure has one or more 
boundary nodes , each of which must be connected to a system joint. If a boundaiy 
node does not coincide with the system joint to which it is connected, the connec- 
tion is made through a rigid link. 



Figure 11. 1-1 Assembled System. 
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11,1,1 Reference Frames 

The motion of boundary node j of substructure i is b!, a six -component 
vector relative to the boundary node reference frame uniquely associated with the 
boundary node. 

Each substructure has an associated substructure reference frame , rela- 
tive to which are defined (1) the locations of the boundary nodes, and (2) the orien- 
tations of the boundary node reference frames. Each substructure reference frame 
coincides with one of the system alternate reference frames , each of which is de- 
fined by specifying (1) the location of its origin, and (2) the orientation of its axes, 
relative to the system global frame . 

The motion of system joint j is a^, a six -component vector relative to 
the system joint reference frame uniquely associated with system joint j, System 
joint reference frame orientations are defined relative to the system global frame. 


11.1.2 Substructure State 

The deformation of substructure i is represented as a linear combination 

i 

m ‘ 


of boundary node unit motion functions , 


b! 


jk' 


and fixed boundary functions , F 


Each is a static displacement function produced by jx)int forces and 
moments acting at boundary nodes . Where b!j,, for k= 1 through 6, is compo- 
nent k of the motion of boundary node j, b!. is the function corresponding to 
b!|.=: 1. 3, with all other boundary node motion components identically zero. 


For the it is required that all boundary node motion cornponents 

be identically zero. Typical are eigenfunctions and static displacement 

fields due to inertial loading corresponding to uniform acceleration. 
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The total motion of substructure i is approximated as 


j 6 

2 I 


j=l k=l 


b!, b! 

Jk jk 


m 


2 

m = 1 


pi 

m m 


( 1 ) 


whei’e 

j= the number of boundary nodes, 

the number of fixed boundary functions, and 

= generalized coordinate associated with . 
m m 

The cor respc tiding approximations of the kinetic and potential energies of 
substructure i are as follow, 


t 


T^= - 
2 


• i 1 
% 





' ■ i I 

*lb 



1 

<- 


. i 

KJ 


and 


( 2 ) 


v'= ^ 
2 


r i 1 


i 


K J 

V 


1 1 

1 

i 




k; 


1 

bb 

0 


0 


r n 
% 

.^i 


i 



1%J 


f 



and 




fL 

m 


where 




(^i) 


The K’s and M's of Eqs. (2) and (3) are called substructure mass and sLilliiess 
matrices . 
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11.1,3 System State 

The deformation of the system is defined by (1) ail of the system joint 
motions, and ( 2 ) all of the substructure fixed boundary function coefficients, resi- 
dent in the q^'s . Where n is the number of substructures, the system state 
vector is 


1 


q= 


^f 

2 



(5) 


The qj.'s have the same meaning as in Section 11. 1, 1. System joint motion is 

defined by q and q , as described subsequently. System kinetic and potential 
r 0 

energies are expressed in terms of system mass and stiffness matrices M and 
K as follows. 


T= |q^Mq ; V= | q4q 


(C) 


Where a^ has the same meaning as in Section 11, 1.1, and p is the 


number of system joints, 


_ r t t t 1*^ 

= [“l “2 “(6xp)l‘ P) 
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In E|. (7), each u corresponds to a single component of an a.; for example, 

1 J 

is component 1 of a^. The relation between system joint motion, u , and 
vectors and of Eq. (5) is as follows: 

u= Rq^ + Eq^ , (8) 

In Eq. (8), R is a matrix of x relative constraint vectors , 

R= [ r^ T2 . . . r^J , (9) 

and elements of are the associated coefficients. The composition of q^ is 

vvliere the u. 's are the subset of components of u for which (1) the corresponding 
k 

system joint motion component . ■ s not been explicitly constrained, and (2) every 
element in row of R is equal to zero. Column k of E contains all zeros, ex- 
cept for a 1. 0 in row 

The analyst determines the content of and q^ by {!) defining relative 
constraint vectors, if appropriate, and (2) specifying that certain system joint motion 
components be identically constrained, if appropriate. 
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11.2 SYN- SYSTEM SYNTHESIS 

Function. SYN produces mass and stiffness matrices for systems com- 
prised of interconnected substructures. SYN information flow, as illustrated on 
Figure 11, 2-1, should be examined before reading the rest of this section. 

Before executing SYN, TAB subprocessors must be executed as indicated 
below, to produce in Library 1 certain system-related data sets. 

® Execute TAB/ ALTREF, to define the location and orientation, relative 

to the system global frame, of alternate reference frames 2, 3, 4, . 

As described later in this section, the location and orientation of each 
substructure is established by reference to one of these alternate frames. 

« Execute TAB/ JLOC, to define system joint locations. 

® Execute TAB/ JREF, to define system joint reference frame orientations. 

• Execute TAB/ CON, to define system joint constraint conditions. 

SYN requires six degrees of freedom per system joint; i.e, , in the TAB 
execution outlined above, the START command must not exclude any degrees of 
freedom. The same restriction applies to all substructures assembled by SYN. 

Relative constraint vectors, if any (see Section 11.1. 2), must reside in 
library 1 in a SYSVEC-format data set named RELC. If no such data set exists, 

SYN assumes that there are no relative constraints. 
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SYN 


For i-ho svslcnv. 


Baaic sysLom 
geometry, via TAB/ 

START, ALTREF, 

JLOC, JHEF. 

System joint constraint, 
via TAB/ CON 

System Joint 
relative constraint, 
e.g. . via AUS/ SYSVEC. 

For each substructure: 

Boimdary node locations, 
reference frame 
orientations via AUS/ SSPREP 


via AUS/ SSM 
via AUS/ SSM 
Mb£, via AUS/ SSM 

K'bb> via AUS/ SSK 
via AUS/ SSK 


For each substructure : 
Back transform map 

For the system: 

Dof map ffl 
Dof map ?>2 
System M 
System K 



Figure 11.2-1 SYN Data Transactions. 
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SYN 


After any Reset commands, the following input sequence is given for each 
substructure. 

Ssid, nu, nrf 
h" ^3* ^n^* 

In the above, nu is the library containing the data sets which describe the substruc- 
ture. These data sets are usually produced by means of the AUS commands SSID, 
S.SPREP, SSM, and SSK, Ssid is the alphanumeric identifier assigned via AUS/ SSID. 
The substructure reference frame {i.e, , the "global frame" used in defining the basic 
finite element mesh representation of the substructure preparatory to AUS/SSPREP, 
etc.) coincides with alternate frame nrf of the ALTREF data set resident in library 1. 
Subsequent records, etc. , indicate that substructure boundary node 1 is 

connected to system joint boundary node 2 to system joint j^, etc. Where n is the 
number of boundary nodes, there must be exactly n j's in this list. 

The input sequence described below may be used repeatedly, if required, to 
cause additional terms to be added to the system mass and/or stiffness matrix. The 
sequence indicates a 6 x 6 submatrix, coupling system joint i to system joint j , in 
the system mass matrix. The term in row k, column £ of the submatrix is 

M i, i 

m^l m^^ . . m^^ . . m^g, . . m^^ 

column 1 column 2 


♦Loop-limit format also is permitted. 
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SYN 


UO 


The string of 36 terms, - . . ni 00 t may extend over several cards. Any 
omitted trailing mj^’s are assumed to be zero. 

To add a 6 X 6 submatrix to the system stiffness matrix, replace M with 
K in the above sequence. 


Reset Controls. 

Default 


Name 

Value 

Meaning 

CON 

1 

Constraint case, system joint constraint 

TOLM 

-30 

10 . 

Terms in system mass matrix less than TOLM are neglected. 

TOLK 

-30 

10 . 

Terms in system stiffness matrix less than TOLK are neglected. 

TOLR 

10 .-^ 

Elements of relative constraint vectors are assumed to be zero 



if their absolute value is less than TOLR. 

LR 

896 

System M, K output block length. 

SYSL 

1 

Library containing all system-related input, output. 


Core Requirements. Data space is required for: 

All system related input data sets (see Figure 11. 2--1) 

-f one block each of system M and K output data sets, 

+ the largest value of L^, the space required for data sets associated 
with substructure i (see Figure 11.2-1), 

+ several thousand words of scratch storage space. 

Code Release Data. Level 9 (Univac), July 1975. Ssmthesis routines 
coded by C. E. Jones, under NASA Contract NAS8 -3 0520. SPAR interface coded 
by W. D. Whetstone. 
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STRP 


U. 3 STRP ~ SUBSTRUCTURE EIGEN80LVER 

Function. STRP computes eigenvalues and eigenvectors of the X MX = KX 
problem. M must be positive definite, and K positive semi -definite. STRP input 
consists of two data sets, normally produced by processor SYN (see Section 11. 2), 

SYN M ncode ndof, and 
SYN K ncode ndof. 

The third and fourth words of the above data set names are automatically established 
by SYN ( ncode is the row/column encoding constant, and ndof is the number of 
degrees of freedom). 

V 

Eigenvalues are stored in a data set named SYS EVAL. Eigenvectors are 
stored in SYS EVEC. 

STRP uses the Choles^-Householder method, and assunes , in principal 
effect that all terms of M and K are non-zero. Accordingly, eicecution costs 
rise steeply as the nuriber of degrees of freedcni is increased. STRP has no 
explicit degree of freedcm limitation; however, a large amount if I/O activity 
will result if too little working core space is provided when attanpting to 
solve large (e.g. , more than 150 d. o, f, ) problenjs. 

Reset Controls. 



Default 

Name 

Value 

Meaning 

FRQl 

-10.1“ 

FRQl and FRQ2 indicate lower and upper limits (in Hz) of the 

FRQ2 

+ 10.^° 

range in which eigenvalues are to be computed. 

SOURCE 

1 

Data source library. 

DEST 

1 

Data destination library. 
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Core Requirement. There is no explicit working core requirement. As 
more core space is provided » I/O activity will automatically dimish. 

Code Release Data. Level 9 (Univac), July 1975. Internal coding by 
R. A. Moore and M. L. Pearson. SPAR interface coded by W. D. Whetstone. 
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11.4 SSBT SUBSTRUCTURE BACK TRANSFORMATION 

Ftaiction . System eigenvectors, residing in data sets named 
SYS EVEC generated by processor STRP, have the internal form 
indicated by Eq. (5) of Section 11.1.3. As shown on Figure 
11.4-1, SSBT back- transforms SYS EVEC data sets in two phases, 
as discussed below. 

In Phase- 1, a data set named SYS JMG is produced. Each block 
of SYS JMG is of length 6 x J, where J is the number of system 
joints. Components of the j-th six-element subvector of each 
block are motion components ( 3 displacements, 3 rotations), 
relative to the system global frame , of system joint j. Each 
block of SYS JMG is derived from the corresponding block (mode) 
of SYS EVEC. 

Phase- 2 is controlled by the following input sequence: 

Ssid^, ’^'^1' *^destj^$ substructure^ 

Ssid2* nu2, ndeat2$ substructure2 
Etc . 

For each substructure designated by the user as indicated above, 
a data set named USB Ssid is generated and stored in library 
ndest. If ndest is omitted, default ndest= nu. Each block of 
USB Ssid is of length 6 x N, where N is the total number of 
joints in the substructure ( not just the boundary joints) . 
Components of the j-th six-element subvector of each block are 
motion components ( 3 displacements, 3 rotations) of joint j of 
the substructure, relative to the associated joint reference 
frame. Each block of USB Ssid is derived from the corresponding 
block of SYS EVEC, unless the following command is used: 

MODES® n^^, ^2 
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LIO 


For all (Ssidj nu, ndest) commands following a MODES command, 
block 1 of USB Ssid will correspond to block (mode) of 
SYS EVEC, block 2 to mode n^^+l , - - - and block (r» 2 - n^+ 1) to 
mode n 2 * It should be noted that the USB Ssid data sets are in 
SYSVEC format for the associated substructures, and may be 
operated on by VPRT, GSF, etc. 

Reset Controls. 


Default 

Name Value Meaning 

JMG 1 RESET JMG= 0 to omit Phase- 1 if SYS JMG 

already exists. 


Core Requirements . For Phase-1, the core required is fourteen 
times the number of system joints, plus one block of SYS EVEC 
(i.e. 14J + the number of system degrees of freedom). 

For Phase-2, data space is required to concurrently hold in 
core one block of each input and output data set (see Fig 11.4-1). 

Code Release Data . Level 10 (Univac, CDC) , March 1976, coded 
by W. D. Whetstone. 
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SSBT 


Phase- 1 of SSBT operation ; 


In library 1: 

JDFl 

QJJT 

RELC 

SYN ECON 
SYN LOCJ 

SYS EVEC 



0 


0 


Phase-2 of SSBT operation 


For sub s true ture , in 
library nu^^: 

BN Ssidj^ 

BNPC Ssid, 


User selects: 


Ssidj^, ^'^l' r 


K 


BNQ Ssid^ 
BNF Ssid^ 
FEF Ssid, 


For substructure 


library nu 2 
BN Ssid2 
BNPC Ssid^ 


BNQ 

BNF 

FEF 


Ssid. 

Ssid, 

Ssid, 


For the system, in 
library 1: 




SYS EVEC 
SYS JMG 

SSBT Ssid^ 
SSBT Ssid, 


In library ndest^: 
USB Ssid]^ 

In library ndest 2 
USB Ssid^ 


Figure 11,4-1 SSBT Data Transactions 
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Short List*’ of Commands and Data Sequences 


TAB 


START ' number of joints, list of excluded joint 
motion components. 

UPDATE = I to enter update mode, 0 to leave. 

FORMAT = if to select alternate format i. 

NREF = n, to identify reference frame n. 

MOD - m. to modify table entry numbers or 

joint numbers by m. 

After each sub-processor execution, 

TAB returns automatically to FORMAT=l, 
NREF=l, andMOD=0. 


*Only frequently used reset controls, etc. , are included in this summary. See 
the main text for full information. 
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TAB Sub-pirocesBors 
TEXT: 

MATC: 

NSW: 

ALTREF: 

JLOC: 


JREF: 

MREF: 

BRL: 


UO 


4/8 - “ “ 76 characters of text, 
k, E, Nu, Rho, ALpha^, Alpha2 
k, weight/ (area or length). 

k, ^2' ^2' ^3*^3* ^l'^2’^3 

k, xa|,xa2,xa3, xbj, xb2* xb3, ni, ijump, aj. 
jjump, xcj, xc2» XC3, xdj, xd2,xd3. 

Formats 1 , 2 = rectangular, cylindrical. 
NREF = reference frame. 

^JREFs n: j j , j2i hic: k^, k2, inc: - - - - 
k, nb, ng, isign, c (FORMAT 1 ) 
k, ii, XI, X2, X3 (FORMAT 2 ) 

NREF - n allowed under Format 2 . 

, .1 1 1 1 .2 2 2 2 

k, 1 , xi, X2» X3, 1 , x^, X2, x^ . 
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BOX, 

k, 

’ ^1 ’ 

^2*^2' 


TEE, 

k, 

B 1 , ti , 

^2*^2' 


ANG. 

k 

r 


'^2*^2* 


WFL, 

k, 

b^.ti. 

b^, t^. 

bs* tj. 

CHN, 

k, 

bj.tj, 

*^2 ’ *2 ' 

^3’S. 

ZEE, 

k, 

b^ , t j , 

^2' ^2’ 

^3’ *3* 


TUBE, k, inner r, outer r. 

GIVl^, k, ^ 2 ^ ^ 1 * ^ 2 * 

DSY, k, l|, cyj, l^, a^, a, f, fj. ( card 1 ) 

qj. qj. qj. Vh. yiz. - - - v^i- y^2. 

BB; k, s j 

® 21 ’ ® 22 * 

®31' ®32’ ®33. 

®4r ®42' ®43^ ®44‘ 

®51> ^52' ®53’ ^54’ ®55* 

®61’ ®6E’ ®63' ®64’ ®65> ®66' 


BC: 

k, a 


BD; 

k, a, Qfj^, h, c, 


SA: 

k, T. (Format 1) 



''■Tu■T22.Tl2.F^F^F^ 

(Format 2) 


^^12' *^22' ^31' *^32’ *^33' 

(Tnernbrane stiffness) 


'^ir ^12’ ^22' ^31’ ^32' *^33* 

(bending stiffness) 

SB: 

k, t 
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CON n; 


(constraint case n) 


JSEQ; 


RMASS; 


. 1 . 1 . 1 . 2 . 2 . 2 

ZERO m^, - 

NONZERO (same as above) 

RELEASE (same as above) 

SYMMETRY PLANE = n 
ANTISYMMETRY PLANE = n 
FIXED PLANE = n 
XZERO = X. 


RZERO = r. 

REPEAT ri'^ , inc\ jm.od^; 

h’ h’ " ■ ■ 

.I 5 - jg/jg • 

2 2 2 
REPEAT n , inc , jmod : 

•VlO’ ^IF j 12^^13 • 

etc . 

k., M, (Format 1 ) 

k: M^, M^, M^, Ig- (Format 2) 

REPEAT n, jump., 

CM = (M multiplier), ( I multiplier). 
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ELD 


Sab -process or 

Name Element type 


E2l 

E22 

E23 

E24 

E25 


General beam 

Finite length, directly specified K 
Axial element 
Plane beam 

Zero -length, directly specified K 


E31 

E32 

E33 


Triangular membrane 

Triangular bending element 

Triangular membrane + bending element 


E41 

E42 

E43 

E44 


Quadrilateral membrane 
Quadrilateral bending element 
Quadrilateral membrane + bending element 
Quadrilateral shear panel 


Pointer 

Name 

Default 

Value 

Associated Table 

nmat 

1 

Material constants (MATC) 

NSECT 

1 

Section properties (BA - - - - -SB) 

NOFF 

0 

Rigid link offsets (BRL) 

NNSW 

0 

Nonstructural weight (NSW) 

NREF 

1 

Beam orientation (MREF). Also 
indicates pressure sense for 3 and 4 
node elements. 
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Data. Modifiers ; 

MOD JOINT NUMBERS n, or MOD JOINT=n 
MOD GROUP NUMBERS n, or MOD GROUP=n 
MOD NMAT (or NSECT, etc. )=n 
INC NMAT (or NSECT. etc. )=n 

All MOD and INC parameters are reset to zero upon 
conclusion of each sub -processor execution. 

2 - node elements: 

jj, 1, ni, nj, jinc. (nj grid lines) 

jj, 2, ni, nj, jinc. (nj rings) 

^ 1 ’ ^2' jiiic, (nj sets of spokes) 

3- node elements: 

^ 2 * ^ 3 ' “j* (rectangular mesh) 

jf. ^ 2 ' -* 3 ' jiQc. (nj 'open fans') 

^1' ^3' 3,ni. nj, jinc. (nj 'closed fans') 

4- node elements: 

jl* iy J4 

^2' ^4* ^ j kinc. (nk rectangular meshes) 

jjf j 2 » iy 2, ni, nj. (cylinder, nj bays) 
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E 

Beset 

Name 

Oe&uilt 

Meanine 


G 

LO 

Mass- Wei^/G 

K 

Reset 

Name 

Default 

Meaning 


SPDP 

1 

SPDP= 2 for double precision 


OUT LIB 

1 

Output library 

M 

Reset 

Name 

Default 

Meaning 


G 

1.0 

Mass = Weight/G 


IBEAM 

0 

If not zero, beam rotatory inertia ignored. 


INERT 

0 

If not zero, only displacement-dependent 


Reset 

Nsne 

Default 

terms (as in bars, membranes) are included, 
for element types. 

Meaning 


IKG2 

0 

If not zero , all beans treated as bars . 


IKG34 

0 

If not zero, all shell elements treated 
as nenbranes . 

mv 





Reset 

Name 

Default 

Meaning 


CON 

1 

Constraint case. 


K 

K 

Name of matrix to be factored. 


KILIB 

1 

Destination library for factored matrix. 


ILIB 

1 

Library containing A MAP (from TOPO). 


KLm 

1 

Library containing K 
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AUS - Ml^^cellaneous 


INLIB= nin 
OUTLIB= nout 

DEFINE Lib N1 N2 n3 n4 

ZERO= value 

FIND Lib N1 N2 n3 n4 


AUS — Arithmetic 

Command Forms 
Z= SUM(X,Y) 

Z= PRODUCT(X,Y) 

Z=UNION(Xj,X2, ) 

Z= XTY(X,Y) 

Z= XTYSYM<X, Y) 

Z= XTYDIAG(X,Y) 

Z= NORM{X, j.k.v) 

Z= RIGID{j) 

Z= RECIP(X) 

Z= SQRT(X) 

Z= SQUARE (X) 

Z= RPROD(X,Y) 

Z= RTRAN{X) 

Z^ RINV(X) 


Meaning 

Z = X + Y (system matrices) 

Z = X Y (system matrices) 

2MX1IX2IX3--I 

Z =X*Y 

Z = xV, symmetric 

Z = xSf, diagonal 

System vector renormalization 

Rigid body motion vectors 

Each element z = 1. /x 

Each element z = sign ,x) ^/ 1 x I 

2 

Each element z = x 
Z = X Y (rectangular matrices) 
Z - X*" (rectangular matrices) 

Z = X~^ (square matrices) 



aus/table 


TABLE( NI= ni, NJ= nj): N1 N2 n3 n4 $ = Output name 
CASE n$ or BLOCK n 

OPERATION^ SUM$, or XSUM, or MULT, or DIVIDE 

'!■ ‘2’-- ‘m 

DDATA= d,, d„,... d 

1 2 m 

ji’ hy' jg- ■ ■ j Loop limit format also allowed. 

1- u 1 * 


1 


.1 

i 



.2 


.2 




.m 

e! $ Data for j= j_ 

1 

,m 

e $ Data for j 
^2 


.1 .2 ,m 

e! , e', ... e! $ Data for j= j . 

i ] 1 ■' ■'r 

•^r ■'r ■'r 


AUS/SYSVEC 

Same as AUS/TABLE, except that NI and NJ are automatically fixed by 
SYSVEC. 

A US/ ELD AT A 

ELDATA: NI N2 n3$ 4th word not given here 

CASE n4$ Results in output data set Nl N2 n3 n4. Other input is the 
same as in TABLE, except that J= j,,, is replaced by 

G= g^: g,,: $ List of groups 

E= e^: e^: $ List of element indexes 

AU S/ALPHA 


ALPHA: Nl N2 n3 n4 
1' Title string 1 


DCU 

TITLE 

STATUS 

TOC 

DISABLE 

ENABLE 


COPY 

Lib^, Libg, Id 


XCOPY 

Lib, n , Id 


XLOAD 

n, Lib, nwoi’ds, nj, 

ninj, type, Nl, 

REWIND 

n. 


CHANGE 

Lib, Id , Id 

old new 


DUPLICATE 

Lib^, Libg 


NTAPE 

nt 


TWRITE 

Lib 


TREAD 

Lib 


LTBLIB 

nl 


STORE 

Lib, Id 


RETRIEVE 

Lib, Id 


PRTN'r 

Lib, Id, i^. 

^2’ '^1 ’ ’^2 

A BORT 

n 



Lib' Title - - 
Lib 

Lib, Id 
Lib, Id 
Lib, Id 


A-10 



uo 


EQNF 


Reset 



Name 

Default 

Meaning 

SET 

1 

Load set identifier 

INLEB 

1 

Source library 

FEFLIB 

1 

Destination library, equivalent nodal loads 

ISLIB 

1 

Destination library, initial strains 


SSOL 


Reset 

Name 

Default 

Meaning 

SET 

1 

Load set identifier 

K 

K 

Name of stiffness matrix 

CON 

1 

Constraint case 

KLIB 

1 

Library containing stiffness matrix 

KILIB 

1 

Library containing factored stiffness matrix 


GSF 


Reset 



Name 

Default 

Meaning 

SET 

1 

Load set identifier 

QLIB 

1 

Library containing displacement and initial strain data 

LI 

1 

First case 

L2 

— 

Last case 

EMBED 

0 

Nonzero value causes stresses to be embedded 
in E -state. 

ACCUM 

0 

Nonzero value causes stresses to be added 
to those already resident in the E-state. 


Execution Control Parameters 


SOURCE= Nl, N2. tig, $ Replaces ST AT DISP — 
EIJ^: g^: g^; : EIJ^ - etc. - 


PSF 


Reset controls SET.QLIB, LI, and L2 are the same as in GSF, 


Reset 

Name Default Meaning 


LINES 56 

DISPLAY 1 


NODES 1 

CROSS 1 


Lines per page 

DISPLAY= 1 for standard stress print 
DISPLAY=2for forces, stress resultants 
DISPLAY= 3 for beam bending stress detail 
Set = 0 to omit data at element comers. 

Set = 0 for mid-surface data, only. 
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Reset 

Name 

Default 

Meanlne 

PROB 

vibr 

BUCK indicates buckling analysis. 

NDYN 

8 

Iteration control. 

CONV 


II If 

NREQ 


11 11 

VI 


ti II 

V2 


II IT 

K 

K 

Kname 

KG 

KG 

Kg name 

M 

DEM 

M name 

CON 

1 

Constraint case 

KLIB 

1 

Data source library, K 

KILIB 

1 

II It ^ INV K 

KG LIB 

1 

’• " , KG 

MLIB 

1 

" " , M 

OUT Lib 

1 

Output destination library 

NEWSET 

1 

Output set identifier 

INTT 

0 

Number of random vectors. 

LI 

] 

1 Designates source of initial 

L2 

1 

functions — vectors LI through L2 

INLIB 

1 1 

1 of VIBR MODE oldset, contained 

OLDSET 

1 ] 

1 in inlib. 

SfflFT 

.0 

See Section 8. 

HET 

4 

Controls print -out of iteration history 







DTEX 

Parameter 

Name 

Defoult 

Value 

TRl 

Parameter 

Name 

Default 

Value 



INLIB 

1 

DT 

— 

' N2 

MASK 

NTERMS 

10 

CASE 

1 

N2 

MASK 

T1 

— 

INLIB 

1 

T2 


OUTLIB 

1 

ALIB 

1 



WXLIB 

0 



QX1L15 

0 



QX2LIB 

1 



QRLIB 

0 



QRILIB 

0 



QR2LIB 

1 



LB 

896 


BACK 

Parameter Default 

Names Value BACK Execution Control Statements: 


Ml 


1 

M2 



DT 


1.0 

TSTAHT 


.0 

LRZ 


896 

PRINT 


1 

N3REPEAT 


1 

N4REPEAT 


1 

SOURCE 


1 

DEST 


1 

FMAX 

- 1 . 

X 10^^ 

FMIN 

1 . 

X 10^® 
..20 

BIG 

1 . 

X 10 


ZC= 

C 

Lib 

N1 

N2 

n3 

T= 




tt 


y= 




ft 


Z= 

Lib 

N1 

N2 

n3 

n4 

EXT= 

Lib 

N1 

N2 

n3 

n4 


I 
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SYN 


Reset 

Name Default Meaning 


CON 

LR 

SYSL 


1 Constraint case for system 

896 Output block length 

1 Library containing system JLOC, etc. 


For each substructure » 


Ssid, nu, nrf 

■*1' ^2' ^3' ^n^ 


STRP 


Reset 


Name 

Default 

FRQl 


FRQ2 

10.^*^ 

SOURCE 

1 

DEST 

1 


Meaning 

Frequency range is FRQl 
through FRQ2 
Data source library 
Data destination library 


SSBT 


Reset 

Name Default Meaning 


JMG 


If zero, omit creation of the data set 
SYS JM5 if SYS JMS already exists 


Execution Control Statements 
MDDES“ n^, H2 

SSH)^, ndest^ (Control for eubstructure "i") 
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Pm 



Reset 



Name 

Default 

Meaning 

QGSL 

16 

Destination library for plot 



Bpeclficatlons 

STEF 

21 

Destination library for temporary 



PLTA data sets 

Execution 

Control 

Statement 


SPEC 

nspec, n 


Optional Control Statements 


STITUE’ 

Title line 1 


S2rm£' 

Title line 2 


TE3CT' 

Text line 


SVM 

iaxis 


ANTISVM 

iax^s 


ROTATE 


83 I3 

ISOTATE 

^2 i2 

as I3 

VIEWS 

vi V2 V3 n 


LOCLABEL 

iquad lx ly 


JLAHEI. 

ii J2 I2 

J3 I3 

AXES 

Oj 02 03 £.1 

^2 ^-3 

MARGIN 

percent 



Geometric Ckamposltlon Statements 


ALL 

FORMAT 0: 

POBMAT 1: 

FORMAT 2: 

CONNECT 

LOONTROL 

LINES 


EU indxj indX2 ljump grpj grp2 gjump 
EU group 1 /group2 > list of indexes 
EU indexi/index2> list of groups 

Jl ^2 J3 

jshift nrepeat inc 

Jl Jz J3 
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PLTB 


Execution Control Statements 


DISPLAY^ UNDEformed 

STATIC deformation 
VIBRrational mode 
BUCKling mode 

Str^eaa Quantity/diVj node, loc 



(See Table 10.2-1 for summary of 


stress 

quantities . ) 

DNORM- 

dnorm 


INLIB= 

inlib 


SET= 

nset 



neon 


CASES= 

case] , 

case2 

or 

or 


VECT0RS= 

vecti » 

vect2 

OPTIONS= 

ni 02 

- - “ (See Table 10,2-2 for 


summary of options) 
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APPENDIX B 


ELEMENT FORMULATIONS 


Sections Ij 2, and 3 of this appendix s\iimnarize the assumptions involved in 
the routines used by SPAR to compute individual element K, M, and Kg matrices, 
respectively, relative to local element reference frames. The correspondence 
be Ween these routines (named K21, TM, M3U, OQM, etc.) and the SPAR element 


t.ype 

designations (E21, E22, etc. 

) is indicated in 

Table B»I. 



TABLE B-1 SUMMARY OF K, M, and Kg 

ROUTINES 

El.em! 

ent 




TVpe 



K 

M 

JE- 

E21 

Gen. beam 

K21 

M62 

BE/LMKG 

E2? 

Direct K 

(see text) 

none 

BARKG 

E23 

Bar 

(see text) 

M3 2 

BARKG 

E2U 

PI. beam 

(see text) 

M62 

BEAtiKG 

E25 

Direct K, 

L=0 (see text) 

none 

none 


E31 

Membra ne 

TM 

M33 

GTM 

E32 

Bending 

TPB7 

l'^3 

none 

E33 

Mem . +bend . 

TM-TPB7 

M63 

GTP 


EUl 

Membrane 

0MB5 

M3i| 

GQM 

Eh2 

Bending 

QPBll 

M6U 

none 

Hii3 

Mem. +bend . 

QMB5-f<lPBil 

m6U 

GQP 

m 

Shear Panel 

QMBl 

M3U 

QOM 




1 . S tiff ness 1% t ri c es 


Individual element K's computed by the routines K21j, TM, QPBll^ etc. indicated 
in the first column of Table B-1 are relative to intrinsic reference frames 
imbedded in the elements. As Indicated on Figure B~lj the intrinsic frames 
move with the elements as the structure deforms . Some of the principal reasons 
for using intrinsic frames are summarized below. 

(1) K's relative to intrinsic frames totally represent each element's iiiherent 
fle^Kibility characteristics in minimal (least data) form. 

(2) Ti’ansfomiation, assembly into system K, etc.j car be performed by very 
general routines which are totally unaffected by the details of specific 
formulations used in computiiig the element intrinsic K's. As a result j 
the cost and time required to develop routines to implement various 
element formulations are minimized, since llaeir total function is to compute 
an intrinsic K, given the dimensions, section properties, and material 
constants of the element. 



(1) Cashed lirjes indicate undeformed shape. 

(2) For beams, the origin of the intrinsic frame is imbedded in (rotates with) 
joint J2, to which the beam terminus connects. 

(3) For bending elements, the origin of the intrinsic frame is amhedded in Jl. 
(U) In the undeformed state, the intrinsic frames coincide with the local 

"element reference frames." 

FIGURE B-1 INTRINSIC FRAMES 
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For each class of element , an intrinsic deformation vector, V, is defined as 
follows, 


Beams : 



3 -node i 2 3 3 1 ^ 

membranes; U = ^2 


U-node 

membranes; U 



3 -node 

bending : U 



U-node 

bending : U 




In the above, the and 0'^ are displacement and rotation, respectively, of 

1 a 

point Jj (i.e. Jl, J2, . . . ) in direction i, relative to the intrinsic frame . 

For each type of element, the associated intrinsic stiffness matrix, K, is 
defined by the following eqiiation. 

Strain energy = V = 1/2 K U . (1~2) 

The order of K is 6 , 3? 5., 6 , and 9 > respectively, for the five classes of U 
indicated above. For linear elastic materials, K is symmetric. 

The methods used to transform and assemble the intrinsic K^s into system matrices, 
etc., will not be discussed here, since the purpose of the present discussion is 
to explain the basis of the intrinsic K’s. 




1.1 Beam Iiitrinsic Stiffness Matrices 


For element types E22 and E25.« the 6x6 intrinsic K, as defined by equations 
(1-1) and (l“2)j is directly read as input. The following discussion defines 
the basis of E21 and (as special cases), E23 and E2U. The characterizing 
feature of the E21 class of elements is that the force-deflection behavior may 
be expressed in the form indicated by equation (1-3). The relation between 
the ^'s and the intrinsic deformation vector, U, will be established subsequently. 


1 — 1 
u. 


^2 


b 

= 

b 


b 


b 



or, 


11 


22 


symmetric 


= 3 d 


0 

0 

'33 


0 

®15 

0 


1 

H 

1 


0 

0 


^2 

0 

0 

0 



V 

0 

0 




"55 

0 


<*5 



®66 


^6 




L J 

L,2 , 

3 ) and moments (i= 



(1-3) 


(1-ii) 


rigid plane imbedded in the beam origin , with the beam terminus fixed. The 
are corresponding displacements and rotations. As defined on Figure B-2, the 
transverse forces and bending moments do not act through the beam origin; instead 
they act in principal bending planes - hence the form of equation (1''3)* 


■jr The rigid plane is perpendicular to the 3-axis of the intrinsic frame. 


The 1, 
of the 
frame . 
are in 
planes 



FIGURE B-2 


FORCE AND MOMENT RESULTANTS EXERTED ON THE 
MEMBER END SURFACE BY THE TRANSVERSE RIGID PLANE 



In equation (l“3)j s.,, , s ^ and s.^ are associated with bending about principal 

ii Ib bb 

axis 2; bending about principal axis-1. 

On Figure H-3 , components ol the element intrinsic deformation vector, and the 
associated point forces, p. , and moments are shown. 


The 's correspond to the 
first of equation (1-1). 



FIGURE B-3 FORCES, DEFORMATIONS RELATIVE TO nffRINSIC FRAME 


In order to identify K, the equilibrium relation between the p.'s (Fig. B-3) 
and f . 's (Fig. B-2 } v;ill be established. In the following, 0, and as 

defined on Figure B-2. Also, c - cos Q, s = sin Q. 



P = T f. 


(1-6) 


where T is defined by equation (1-5 )j and p = P 2 *** P6j^' 

The kinematical relation indicated by equation (1-7) may readily be verified. 


<5 = t" U 


(1-7) 
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From eq-uatxons (l-U)j (1-6), and (1-7), 


p = T S T^U, or 

K = T S (1-8) 

If the shear center and centroid coincide, and the intrinsic frame axes are in 
principal planes, 

K = S. 


The following symbols will be used in identifying the eight non-zero s^^'s. 


L 

A 


G 

I 


1 


1 


a 


1 


} 


a 


G 


c 


1 


length of beam, 
crocj sectional area, 
modulus of elasticity, 
shear modulus, 

cross-section moments of inertia about principal axes 1 and 2, 
respectively, 

transverse shear deflection constants (see Timoshenko "Strength 
of Materials," Part 1, p. 170), 
uniform torsion constant, and 

non-uniform torsion constant (see Timoshenko "Strength of 
Materials," Part 2, p. 2^5”273)o 


The axial spring constant is 
3 ^^ = AK/L. 

The torsional constant is 


s 


66 



tanh b \ ^ 
b / ’ 


where b 


t/c7c^ 


which assumes no warping of end cross sections . 

Under the usual assumptions of Timoshenko beam theory, 

j2 L 

^1 " "^1 ^1 
^6 " ’^1 2 ^ ^ ’ 
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uo 


or where e. 


ET. 


J. a 

QA 1 


El, 


and 






<1 


/ L ®l\ 1 


f. 



(— " tt) 


1 






*5 


1 1 

"2 L 


\A 

A 


and 





Fi’om the above, the first set of -bending stiffness constants may be identified as: 


Also, 


’ll 


15 


^55 


22 


ik 

L 1 ' 

4 ki , and 


( t * 




% 


u 


- J kj. and 


(t * IT ) ‘' 2' 


where the definitions of and e^ are analogo\:B to those of k^ and e^. 
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1«2 Membrane and Bending Elements 

In the displacement formulation of linear finite element networks, the boundary 
motion of each element is written in terms of certain generalized displacement 
quantities, usually the displacement and rotation components of system joints 
to which the element is connected. Elements are said to be conforming if the 
relations between the system generalized displacements and element edge motions 
are such that displacements are continuous across element boimdaries. The 
basic problem in determining the stiffness matrix of a conforming element may 
be stated as follows; given the boundary motions of the element, determine the 
interior stress state. Since the late 1950’ s, this problem has most commonly 
been approached through the assumed displacement field - miriimu.i potential 
energy method. In the July, 196U issue of the AIAA Journal, T.H.H, Plan 
pz’oposed a simple, general, and highly effective alternative; the assumed 
stress field - minimum complementary energy method, which is outlined below. 

In tei-ms of generalized displacements, q, (e.g. joint motions), the strain 
energy of an element is 

V = ^ K q, (1.2-1) 

The minimum complementary energy principal may be stated as 

77 = V - / u. S_, d(Area) = minimum (1.2-2) 

c J X 1 

Area 


where V is strain energy in terms of stress components, ( 7 . .. u and 3 are 
direction i components of prescribed boundary motion and boundary force on the 
exterior surface. 


To apply the principal, the stress distribution, O’, is written in terms of m 

undetermined stress coefficients, , b„ , . . b , as follows. 

1^ 2 m-* 


<7 

B 

a 


P B, where 

^ 2 *"* \ 

^ 11 , 022 


t 

t 


( 1 . 2 - 3 ) 


and elements of P are functions of position coordinates, selected such that 
equations of equi.librium are identically satisfied within bhe element, regardless 
of the values of the b^'s. 
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Where the stress -strain relation is 


€ = N a, 

the internal strain energy within the element is 


V = ^ J N <7 d(Vol) 


or. 


vol 


V = B H B, 


where 


(1.2-U) 

(1.2-5) 


H = j* P''^ N P d(Vol) 

vol 

''There u = j the relation between boundary motions and generalized 


displacements, q, is of the form 

u = Lq, 


( 1 . 2 - 6 ) 


where elements of n are fnnctions of position coordinates, determined by the 
location of the boundary. 


Where S = Is-, s s^l? the relation between 
‘1 2 3 

field coefficients is of the form 


sturface forces and the stress 


S - R B, 

v;here the elements of R are functions of position coordinates determined by 
the location of the boundary, and by the form of P, 

Accordingly, 

n = ” H B - B^T q, 

C 2 

where 

T = J* L d(Area). (1.2-7) 

Area 

For minimum 77 , i.e. dfl /dh. = 0, for i = 1,2,,.., 
c Cl 

HB = T q, 

B = T q, (1.2-8) 
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and, from equation (1*2-U), 


V = ^ H“^T q , 

from which it is concluded that 

K = T. (1.2-9) 


The procedure outlined above was proposed by Plan as a method of calculating 
K’s approximating those of conforming elements. Where K is the stiffness 
matrix corresponding to tiie perfect conforming element, K approaches K 
from the soft direction (too much strain energy), as the number of assumed 
stress functions is increased. In the assumed displacement field - minimum 
potential energy approach, K approaches R from the stiff side as the number 
of assxuned displacement functions is increased. 

A network comprised of conforming elements will converge uniformly from the 
stiff side toward the exact solution, as the mesh is made progressively finer. 
Even if a mesh were comprised of perfect conforming elements (equilibrium, 
compatibility equations satisfied over the interior of each element), the net- 
work solution would be too stiff. Therefore, K's based on the assumed stress 
field procedure may be viewed as a means of systematically introducing compen- 
sating error (K's softer than R), to obtain more accurate solutions. 

To summarize, the following are the two basic assumptions involved in applica- 
tion of the assumed stress field - minimum complementary energy method. 

(1) The boxmdaiy motion of the element is assumed as a function of system 
generalized displacements (e.g. joint displacements, rotations, etc.), 
in a form which provides inter-element compatibility. This amounts to 
defining the matrix L in equation (1,2-6). 

(2) An equilibrated stress field, expressed in terms of m undetermined coef- 
ficients, b-t.bo, ... b , is assumed. IMs amounts to defining the 
matrix P in equation (1.2-3). 

To implement the above assumptions, the principal computational tasks are the 
calculation of H from equation (1,2-^), and T from equation (1.2-7). Rrom H 
and T the element stress and stiffness matrices, H ^ and T^H ^T are readily 
determined. 

ITie in-plane edge motion assumed for the TM (triangular membrane), QMB^ 
(quadrilateral membrane), and QMBl (quadrilateral shear panel) elements is 
shown on Figure Bl.2-1. The edge motion assumed for the TPB7 (triangle), 
and QPB11( quadrilateral) bending elements is shown on Figure Bl.2-2. 



L = length of edge 


defox. Tied edge 
(straight line) 



FIGURE B3..2-1 IN-PLANE EDGE MOTIQM ASSUMED IN TM, QMB5> QHBl 



vr is normal to the element surface . 
w = a cubic function of s such that 


At node i, 


w = w 


dw 

as 


At node 
w = 


J > 

as 


0^, 

et 



(f) = at edge ij, 

<t>= 


FIGURE Bl.2-2 


EDGE MOTION ASSUMED IN TFB7, QPEII 



Stress fields assumed for TM, QMBl, and QKB5 are indicated below. In the 

following, X and y correspond to directions 1 and 2 of the intrinsic frame 

defined on Figure B-1, and N , N and N are in-plane stress resultants. 

X y xy 

For TM (constant-stress triangular membrane), 




X 


== b. 


N 


= b 


xy 


= b 


2 ^ 

'3* 


For QMBl (quadrilateral shear panel). 


N 


N 


N., 


= 0 , 
= 0 , 
= b. 


xy 1 

For QMB5 (quadrilateral membrane), 


N 

X 


= + b^y, 

■ S V’ 

= b. 


xy S' 

In TPB7 and QPBll, the (Kirchoff ) stress resultant-curvature relation is of 
the following form. 


( 1 . 2 - 10 ) 


M 

X 


hi 

^12 

1 



M 

y 

= 


^22 

^23 


? 2 
-d w/ay 

M 

xy 


1 

^23 

Uj 

! 


2 d^vj/dxdy 


The stress fields assumed in TPB7 and QPBll are derived, using equation (1.2-10), 
from the displacement functions indicated below, which satisfy both eqiiilibrium 
and compatibility equations. 


This is not essential to application of the assumed stress fie Id -minim urn 
complementary energy method. It is necessary only that the assumed stresses 
satisfy all equations of equilibrium. 
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For TPB7 (triangle): 


w = -b-, 


12 “2 2 “3 
For CPBIj. (quadrilateral): 
w = sa^e as for TPB? - bgi 


- b ^ 

10 ^ 3 12 


^ ^3 ^ \ \ ^ N ^ (1.2-11) 


^2 2 
7 


I- b. 


+ Cf 


1 12 


- b 




11 I 12 


+ O' 


isd + a jt. 


9 “ 3 “ 


U 12 


2 12 


( 1 , 2 - 12 ) 


where 


ft. 


-(2Di 2 . Ub33)/ii,i, 




^^23^^11^ 


a. 




ft' 


h 


-^/hr 


Calculation of H and T (see eq'uations (1.2-5) and (1.2-7) for the above 
elements involves area and line integrals, respectively, of polynominals 
of varying degrees of complexity. For the simple terms, closed form expres- 
sions are readily determined. For the complicated forms, Gaussian integra- 
tion of order sufficient to assure exact integrals is used. 


The routines i^/hich compute intrinsic K's for the TM, QMBl, QMB5, TPB7, and 
QPBll elements were written by C. L, Yen. 



2. Element Mass trices 


For immediate reference, the SPAR element reference frame convention is shovm 
below . 


2 

f 1 



2 -node elements 


^ 1 , J^, J^, all are in plane 1-2 
of the element reference frame 



FIGURE B2-1 ELEMENT REFERENCE FRAMES 


4 4 

In the following, u > and are the total displacement and rotation, res- 

K K 

pectively, of node in direction k, relative to the element reference frames. 
Local generalized displacement vectors^ q, for individual element categories 
are defined as follows. 


Where u 


u 


u 




for bars (M32), 



For triangular membranes (M33)j 



For beams (M52), 



Where ^i = u^^ 





for triangular bending elements (MTP), 

t 



For quadrilateral bending elements 


q 



(// 





Where q is as defined above, the kinetic energy of an element is expressed in 
terms of a local element mass matrix, M, as q M q. Transf oimations to 
system coordinates, assembly into system M, etc., are performed in SPAR by 
general purpose routines which are independent of the source of the element 
M's . 


In the folloiving discussion, x, y and s are position coordinates in directions 
1, 2, and 3 of the element reference frame; and u, v and w are displacement 
components in directions x, y, and z. In order to compute element M's, dis- 
placement functions in terms of n undetermined coefficients, a-,, a , . . . a , 
are assumed in the following form. 


"u' 



V 

= G 

1 

_w_ 


.2 

« 

• 

a 



L n -1 


where elements of G are functions of x, y, and z. 
the kinetic energy of the element is 

T = ^ / m (u^ + + w^)d(Vol). 

Vol 


Where m is mass/volvmie, 

( 2 ~ 2 ) 


Where A = 



a^ , substitution of (2-1) into (2-2) gives 



G d(Vol) 


A . 


(2-3) 





For each element type, n is selected equal to the number of elements in q, so 
that a imique kinematic relation between A and q of the form indicated by 
equation (2-Ii.) is readily determined, 

q = CA, (2-U) 

where the elements of C depend on the locations of the node points. Substitu- 
tion of equation ( 2 - 14 .) into (2-3) identifies the element mass tnatriJt as 


M = (C~^)^ 



m G d(Vol) 



(2-5) 
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\ 

The displacement fields assiimed for each type of element are indicated below. 

For bars (M32), 

u = 3i + a^a, 

V = a^ + V’ (2-6) 


For triangular membranes (M33), 


u 

“ 

^1 ^ ^2^ ^ ^3^’ 


V 

= 


(2-7) 

w 

- 

a? + agx + a^y. 


For beams 

(M62), where v., v, and w are displacements of the central 


axis , and 

where 9 is the total twist angle. 


u 

= 

* ^2“ * * Y^’ 

^ 2 3 


V 

— 



w 

= 



0 

= 

^11 ^12^ * 

(2-8) 


For triangular bending elements (MTP) 

2 

w = + a^x 

2 

+a^^y + + a^x y 

2 2 2 2 
+a^ + agxy + a^x y . 

For quadrilateral bending elements (MJP) 


w 


^1 

+ a^x 

+a^y 

+ a^xy 

2 

2 


^aiQxy 




+ a^x + a, X 
3 4 

2 3 

+ y + agX y 


(2-9) 


(2-10) 
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Using the displacement fields indicated above, the integration indicated ty 
equation (2-5) is readily performed in closed form, except for MTP and MQP, 
in which cases Gaussian integration is used. In the case of M62, the rotatory 
inertia terms associated with all three cross section moments of inertia may 
he included, if desired. 

The correspondence between the above and the designations used in Table B-1 is 
as follows ; 

M32 : As defined above. 

M33 5 As defined above. 

Two overlaid pairs of M33's. 

M62 : As defined above . 

m63 : M53 + MTP. 

M6U: M3U + MQP. 

It is noted that the above are generally not "consistent" mass matrices, 
according to the usual definitions since they are derived on the basis of 
arbitrarily selected displacement fieldswhich only in special cases coin- 
cide with the displacement fields associated with the corresponding element 
K's. They usually give a much better approximation of system kinetic energy 
than do lumped mass models, however. 

The routines which compute the local element mass matrices designated above 
as M33, M3U, M 63 and M6U were written by C. L. Ten. 
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3. Geometric (Initial Stress) Stiffness Matrices 

The meaning of the initial stress stiffness matrix, K^, may be viewed In the 

following way* Assume that a structure in a given equilibrium configuration 

undergoes an additional deformation, q* The pre -stress dependent quadratic 

terms in the associated change in strain energy are U. ° ^ q^K q. The 

ordinary quadratic terms are ^ K q. Accordingly the total change in strain 

energy associated with the perturbation, q, is approximately h. q^(K^+K)q, 

This provides means of (1) including effects of pre-stress on defoimation of 

linear systems, and (2) performing piecewise linear analysis of geometrically 

nonlinear problems. The application of K to linear bifurcation buckling is 

based on the following: if K corresponds to an applied force system^ the 

change in strain energy due to perturbation of a structure to which a load XF 

is applied is q ( AK_+K)q = 0. For stationary strain energy, (XK +K)q =■ 0. 

G g 

In the following discussion of the basis of individual element the 

notation (u,v,w, etc.) will be the same as in the discussion of element 

mass matrices. 


For 2 -node elements, the principal contributions to K are due to changes in 

g 

axial strain due to lateral deformation, u and v, 

\2 




Where P is the pre-stress axial force in the element, the corresponding 
z 

change in strain energy within the element is 


■ / 


P £ d il 
z z 


- f 


iW * ( 11 )^ 


dz . 


(3-1) 


A planar example is shown on Figure B3-1. 


The BEAMKG formulation used in SPAR for general beam elements also contains 
terms which include the effects of transverse shear forces, bending moments 
and torque. The terms produced by BEAMKG are identical to those described in 
Section 7.2.3 of the Nastran Theoretical Manual, as corrected on 12-15-72. 
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In two-dimensional elements the changes In membrane strains due to 
lateral and in-plane displacements produce the following change In strain 
energy: 


Area 


( [ “x ( (1;)'+ (1^)' ) 

^ ^ ( O'- O'* O 

4 . f &u 9u . 3v 3v I 3w 9w 
xy [ 3x 3y 3x 3y 3x 3y j 


(3-2) 


d(Area) 


In the above, N , N and N are the pre-load membrane stress resultants, 
x y xy 


The procedures used to calculate K are slmlliar to those used In calculating 

S 

element mass matrices. Lateral and In-plane displacements are assumed as functions 


of n undetermined coefficients, a,, a. 


For 2- and 3-node elements, 


each of the fornuXatlons assumes the same displacement field as a corresponding 
mass matrix. For the quadrllaterlal membrane, GQM, displacements are assumed 
of the following form: 


u = + a^x + a^y + a^xy 

V = + SgX + a^y + agXy (3-3) 

w “ + a^^x + a^jy + 

The assumed displacement fields used for K formulations are tabulated below: 


Assumed Displacements 


-Kg Type 

u 

V 

W & cfi 

Element 

BARKG 

Eq(2-6) 

Eq(2-6) 

Eq(2-6) 

E22,E23 

BEAMKG 

Eq(2-8) 

Eq(2-8) 

Eq(2-8) 

E21.E24 

GTM 

Eq(2-7) 

Eq(2-7) 

Eq(2-7) 

E31 

GTP 

Eq(2-7) 

Eq(2-7) 

Eq(2-7) 

E33 

GQM 

Eq(3-3) 

Eq(3-3) 

Eq(3-3) 

E41 ,E44 

GQP 

Eq(3-3) 

Eq(3-3) 

Eq(2-10) 

E43 
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The membrane stress distribution used In computing K for quadrilaterals GQM 

8 

and GQP Is the same as Indicated for the (^5 element (l.e. linearly varying) - 
BEAMKG Includes, in addition to the principal terms indicated in Eq.(3~l), 
other secondary terms Involving initial shear stresses and bending moments. 

As before, the integrations indicated by equations C3-I) and (3-2) In some 
cases are readily determined in closed form; and in others are evaluated using 
Gaussian integration. These routines were coded by C, L. Yen. 
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